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PREFACE. 


"^HE  AulhorB  of  Original  Papers  and  Com nmnirat ions  in  the 
preseut  Volume  are  Mrs.  Agnes  IbbMsoii ;  ThoDiJis  Fiirster, 
Em^.;  J.  a.  Dc  Luc,  Es^.  F.  R  S,  ;  Mr.  Tlmmas  SImte;  Tlif.mas 
Kni}!ht,  Esq  ;  Dr,  B.iirrf,  Phvsician-Oenpra I  lo  the  Navv;  G. 
Cumberland,  Esq.;  Mr.  P.  Bnrlniv,  of  the  Royiil  Mililarv  Aca- 
■Vnolwich;  John  Wingfifid,  Esq. ;  Mr.  John  C.itlihertson  : 
Marshall  Hall.  Esq.  F.  R.  M.S.  K.;  Mr.  K.  Kerby;  Mr  Mer- 
ick,  inn. ;  \Villi;ini  Moore,  Iv.sq.  of  the  Royal  Milrtarv  Academy, 
^V'oolwicii;  Mr.  T.  Noot;  Thomas  Thomson,  M.  IJ, Lecturer  on 
Cliemistry  at  Edinburgh,  &c. 

or  Foreiftn  Works,  Hnnorfi  Flaugergues  ;  Mr.  d'Arcet ;  Mr. 
■;  Mr.  Laplace;  Count  de  Vargas ;  Prof.  Klaproih  ;  Mr. 
rrom'idorlT;  Mr.L.  Cordier;  Mr.  John;  Mr.  Hailv  ;  Mr.  Guyton- 
Vlorvcau;  Mr.  Bouillon-I..agrange  ;  Mr.  Vogel ;  Mr.  J.  E.  Berard ; 
jdr.  Gdlet  Laumoiu  ;  Mr.  Bucholz  ;  Mr.  Hersart;  Prof.  Henry 
BracoDnot, 

And  of  British  Memoirs  abridged  nr  eMracted,  Mr.  Clinrlcs 
Wairtell;  Humphry  Haw,  Esq.  Sec.  R.  .S.  F.  R.  S.  E.  M.  R.  I.  A.; 
Thoniiis  Ynimp,  M.  D,  For.  Sec.  R.  S. ;  Dr.  William  Rosburph; 
Mr.  Richard  Parl(in«on;  Mr.  Robert  Richardson  ;  Everard  Home, 
VmI  F.  R.  S;  Wdliani  Hyde  Wella^ston,  M.  I).  Sec.  11.  S.; 
J.  Macartney,   F.sq,;  Dr.  Alexander  Anderson. 

The  Kngravings  consist  of  1.  Ftgnres  itinstraliiig  the  Growth  of 
Seed.s,  in  those  ol'  the  Peuch,   Chestnut,   Grass,  and  Palmi,   deli- 
neated after  Nature  in  various  Periods  of  iheir  Kvolution,  bv  Mrs. 
A.  Ibbctson ;  2.  Mr.  De  Luc's  Electric  Column,  and  Aerial  F.l<«-  ' 
iroscopc  ;  3,  Mr.  Shute's  Scarificator  on  a  new  Principle  ;  4.  l)ia- 
grsiDH  to  illustrate  the  Theory  of  Capillary  Attra3ion,  l>v  1  hnmas 
I  Enighl,   hsq.  5.  Figures  to  tlUistrale  the  Struclnre  and  Ctas<^ilica- 
Ltlon   of  Seeds,  delineated    from  Nature,   by  Mrs.   A.   Ihbetson  ; 
.  A  Machine  for  raising  large  Stones  out  of  (he  F.arth,  by  Mr. 
'icbardson  ;   7,  Apparatus  tor  Experiments  on  the  Sonorous  Pro- 
i  of    Gasses,    by    Mr.    F.   Kerby    and   Mr.   Merrick,  Jun. ; 
.Crystals  of    Apophvllite,    or  Flsheve  Stone,   by    Mr.    HaUy; 
A    new    HygromelPf  for     Gasses,  by  Mr.   Guyton-Morreau ; 
Delineations  of  Mr.    Congreve's  Military    Rockets;   II.  The 
Cancer-Eulgens,  discovered  bv  the  Right  Hon.  Sir  Joseph  Banks, 
F  the  natural  Size;  I2.  The  same  Animal  magnified;  IS.  The 
Hcdusn  Peilucens,  also  found  by  Sir  Joseph  Uankii,  represented 
r  the  natural  Magoittide, 
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I  Ikt  Structure  taut  Groieik  of  Seetls.    Ju  a  Lctttr  fiom 

Mn.  ASItCB  iBBKTSDH, 

To  Mr.  NICHOLSON. 
SIR, 


H* 


LA  VINO  been  requested  by  a  gentleiDan,  highly  evTheuitliDt'* 
teemed  in  Uie  boUoical  world  for  the  knowled^  be  haa  dia-  ""'"'■'°^< 
pUjred  it]  that  Bcietice,  to  review  the  foramtion  of  teedt  in  mbject. 
general ;  to  give  »  clear  knd  concise  picture  of  the  growth 
of  the  embryo  plmit,  from  the  first  of  its  appe«rance  in  the 
seed  veMel,  to  it*  shooting  n  perfect  plant  from  the  earth; 
t«  endesvour  to  prove  the  mistakes  the  variety  of  appella- 
tions have  CBURcd,  as  well  as  the  misconceptions  its  extreme 
mioulenesa  naturally  occasions;  and  to  nhow  also  in  what 
order  the  several  parts  appear,  as  physiologists  have  dif- 
fered much  in  thii  respect:  honoured  by  such  a  request,  I 
shall  venture  to  begin  my  task,  trusting  in  the  great  mag> 
nilying  powers  of  the  various  excelleat  instruments  we  now 
possess,  and  apologiting  for  veaturing  to  contradict  authors 
ao  much  superior  to  roe  in  sciencet  «•  in  this  matter  tbe 

Voi-XKVIL  No.  Ul-Sxrr.  ISIO.  B  ay«> 


iK^Ti. 


ON    THE  BTRCCTCH  15D   SKOU'TH   OF   SE^DS. 

eves  are  tl|g|>rigfipttlj|jud({^  artd'a  long  liabit  of  neve 
diniiixttite  objeitti   wilT  delect  truth,    suoiier  than  mi 
knowteJ^,    As  1  huve  btfprp  written  on  this  subject,  it  will  . 
not  b«  nholly  in   ro*   jiowcr   lo  avoid  repetitlonti;   but  ihe]^   1 

It  upjjeiirt'  to  mi;,  tliul  tKe  tTidnn^r  in'wMch  ieedi  are  ^e-  ^ 
nerally  tuken  for  dissecliuit  is  the  i-uiisc  of  mo»t  of  the  n 
takes  diMtmiijuted.    Most  |iliysiolo!>isl^  be^^iu  by  dis«ecting 
full  grown  see<Is;.viut„lullowijig  iheir  first  imprt:Biiioiif,ai)- 
plying  the  Damu^,  slid  "ufitiropriatin^  the  dei^criptions,  to 
iuch  parts  of  the:  weda  {in  thut  ttt«(e  uf  growth)  as  iipiienr* 
<nc<r«^>A  best  to  suit  theia.~Biitw»4l|«rt^W'iiot  tii  nature  any  ihiii" 
1111*11)-.       more  different,  than  a  rexy  yuH»g  seed,  uud  uii  old  one ;  it 
iu  ten  to  oiie  thiit  tire  mimes   are  m'lsapplitd,  aa  the  vessels 
of  mDnt  consequence  in  the  eailiettt  sta^et  are  wholly  lost  in 
an  old  seed,  while  anather  set  oT  veaseU  usurp  (aimoil)  their 
pUces:  by  vrhich  means  the  nourishing  vessels,  at  the  ter- 
minHliun  of  iheir  ciirerr, nre -ofmi  inulaken  fur  the  impreg- 
nating duct;  while  the  vessel  of  life   (before  it  reaches  the 
narotM  !&•  heurt)  i*  taken  for  the  rarftc/f.     So  eaoiiy  are  these  mistake:* 
"^  "'Tl^  *•  '*^  '''■'■'«''  '"  ""***  wnfks  of  tliis  Itiurf,   that   I  could  give 
H  nitghi   innumerable   examples   to  prove  my  assertion,  were  it  not 
JiIoEed.      i)rt,ej.  ,„  sliow  the  origin  of  the  mistake,   and  endeasour  to 
rectify  it ;  proving  plainly,  that  to  begin  by  dissecting  Jtill 
"  graRn  ie«ch  iictruly  ooiumenciug  ut  the  wrong  end.       j, 

To'guw  s  (wxfect  knowltdgeof  tli«  wed,  it  is  uecessury 
'  to  detect  its  first  uppearancE  in  the  seed  vessel-  iu  this  si- 
,  tuotioii  bewme  perfectly  wquuinied  with  the  nunies  and 
itseitof  each  part;  and  thence. trace  them  upwards  in  their 
daily  impraveinent,  till,  removed  from  tiie  seed,  thev  are 
■  fixed  it>  the  enMh.  To  diating;uish  the  vessels  designed  for 
'  tlie  Seed  only  iVOm  those  intended  to  complete  the/ruU,  is 
^'  of  th^_^.<f  con!ie4^elice :  for,  ■■  the  seed  la  the  principal 
■'  object  of  NatMre'forcit  islhefimt  perfected  in  A^vimcU; 
'•  tjlit,  »n»rl1)ey  are  all  ready  for  the  completion  of  the  em- 
*  'bty«*,"  it  (ftlitso  loiiif  tiitit]  to  prspnnrthe  young  plant  font* 
"""fiAttf(ip%iir<inee;  tmd  ttiia  time  is  employed  by  Nalur^  in 
^  '  fhe  C*mpleti«n  of  the  fruit.  This  has,  in  most  in&tnnce*.  ■ 
s^'tVottf^hVe^  dilTereiit  venela,  not  in  any  m  none  r  useful  tu 
"vfte  seed^ found  attlii*  timCin^gAratiiiji  iho  ftuit;  and  a% 

ihcie 
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"fiirtemix  roiicliwith  the  vmbcIb  of  the  seed,  if  Ibe  latter  are 
n«t  previauily  well  kouwDi  thejr'ttie  but  tou  apt  to  produce  a 
wtry  greiil  confusion. 

Wlieii  th«  bud  of  the  flower  first  appean,  it  is  »  uotice  Commnca- 
Nature  gives,  llint   the  seed  has  received/jft.     It  is  tlien  ?*^"''! ''f' ■" 
time  to  delmenle  the  seed  vessel,  when  we  eao  best  distm- 
gaish  nil  the  vcMel:)  of  con«e(]uence,  and   perceive   from 
which  part  they  come,  and  for  what  office  they  are  ordained. 
Tliej-  are  of  three  sorts.     First,  the  impregnating,  or  vessel  Thne^omtit 
of  lift'.     This  is  nhvuvs  found  iu  liie  middle  of  the  seed  »e»-  "*>"'? '" 'h, 
•«l,  proceeds  directly  from  between  the  wood  and  pith  in 
the  stem  of  the  tree,  uml  becomes  only  the  impregnating 
duct,  nhen  xfier  emering  the  pistil  it  mounts  to  the  stigma, 
■nd  there  receives  the  flower  of  the  stamen,  to  mix  with  its 
own  juices.     Mirbel  says,  "  1'he  ressels  of  the  style  unite  Miflsk*  «f 
in  the  placenti',  nith  those  of  the  peduncle,  and  compose  ^'''"^■ 
with  them  thu  umbitical  cord."  'Ihis  is  certainly  a  mistake : 
for  th«  style  is  merely  a  theath  for  the  vessel  of  life,  which 
only  becomes  the  impregnating  or  vmbiHcal  vessel,  when  it 
returns   from   the   stigma,    conveying  to   the  corculum  of 
eavb  seed  the  joint  juices.     This  string  1  have  often  takea 
out  at  its  length,  af^er  boiling  away  the  pulpy  part,  and  I 
cauld  never  perceive  it  was  joined  to  any  other. 

The  second  is  a  set  of  vessels  railed  the  nourishing  res-  Nouriihih| 
%e\i.  These  have  not  been  long  discovered,  and  I  believe  I  '•**^'- 
was  the  first  botanist  that  announced  them.  They  run  from 
the  bark  and  inner  bark,  and  bring  not  only  support  to  the 
einbrvo,  but  the  resins)  oil,  tec.  for  the  formation  of  the 
young  leaves.  They  enter  the  seed  in  bundles,  and  are  hy 
dci^cs  disseminated  all  over  it. 

The  third  vessel  is  a  single  one,  and  containe  the  hidr<^  Vc«d  cod- 
gen.     It  proceeds  from  the  exterior  of  the  plant,  and  enters  '''""H  hU»* 
at  the  back  of  the  corculum  or  heart  of  the  teed  ;  bnt  not  '*°' 
till  the  formation  is  almost  complete.     It  may  indeed  be 
sujd  to  give  it  the  last  finishing  touch. 

There  are  also  three  periods  in  the  life  of  the  erahryo  Ttif«e  pniodt 
plant,  concluding  with  its  no  longer  meriting  this  name,  >n  ihollfeof 
witich,  for  want  of  being  properly  discriminated,  have  caused 
the  grealext  confusion  among  botaniMa.     The  £rst  is  from 
tlx^time  the  seed  appears  in  its  seed  reisel  to  its  impregnit- 
B2  1i»a> 
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tion:  tbeseconil  from  iti  impregnation  to  its  readtnew  fi>r 
ptonting:  and  the  third  from  itn  being  placed  in  the  eanh, 
till  it  Hms  tlience  ai  a  growing  pUnt.  As  I  huve  tukeo 
many  huudred  twds  i[i  thit  prai;r«aeive  manner,  1  could 
thoEr  their  almost  daily  increaie  in  regulur  drawings  :  but 
thia  would  take  Tur  too  much  room.  I  shall  however  give 
in  descrijktion  aa  much  as  possible,  adding  a  dmwiag  of 
three  or  four  of  the  intermedial u  tlmea,  to  make  it  perfectly 
intelligible.  For  this  1  shall  fix  on  the  peach  seed,  the 
'  nwDneT  of  growing  of  which  is  mont  generally  Hpplicuble  to 
bII;  the  horse  chestnut;  and  one  of  the  grasses;  to  show  unv 
curious  irregularity  in  the  stated  laws  unually  admilled.  So 
very  much  do  the  interior  of  seeds  resemble  in  their  gene^ 
ral  features,  that  these  three  may  serve  as  an  epilome  of  all ; 
for  as  in  e?ery  seed  there  are  eight  parts  common  to  all,  it 
may  well  be  supposed  in  so  diminutive  on  object  how  great 
must  be  the  general  reaembUnce. 
Eigbtdiffifrent  The  eight  parts  an  as  follows:  Ist,  the  line  of  life,  or 
piuttioercfy  ioopregnating  duct;  ad,  the  nourishing  veasels;  3d,  the  cor- 
culum;  4tb,  the  inner  skia  or  pocket;  5th,  the  cuticle,  or 
outward  sltiu  of  the  kernel ;  6th,  the  stem  of  the  embryo ; 
7th,  the  radicle;  8th,  th«  cotyledons.  I  shall  now  describe 
the  different  stages  of  seeds,  and  coniine  myself  to  those 
circumstances,  that  are  to  be  found  almost  mtietnally  ap- 
plitabie;  and  should  I  be  thought  prolix  (which  it  is  hardly 
poMiblc  to  avoid  on  such  a  subject)  1  hope  1  shall  be  par- 
a««d*e«clur  doned,  if  lam  perfectly  intelligible.  1  shall  begin  with  a 
^^  seed  vessel  of  the  chestnut  cat  both  ways,  aa  it  is  absolutely 
necessary  to  show  the  manner  in  which  the  differeot  vessels 
may  be  traced  in  the  seed  vessels.  Plate  1,  fig.  1,  shows 
the  seed  vessel  cut  horizontslly.  It  maiks  the  distance  at 
which  different  vessels  enter,  li  is  very  curious  to  observe 
how  it  varies  in  place,  till  confined  within  the  groove  of  the 
future  stalk.  Fig.  3  is  the  seed  vessel  cut  lengthwise,  to^  . 
»how  bow  important  a  figure  the  vessel  of  life  makes,  when' 
the  seed  is  so  young,  and  before  impregnation:  for  at  a  later 
date  it  is  hardly  to  be  discerned,  the  pabulum  of  the  seed 
having  so  increased  In  tliicknese,  as  to  cover  and  inch 
Though  iu  both  these  tbete  appear  the  rudiments  of  man]r< 
seeds,  yet  il  mruly  hiipjjens,  that  there  are  more  thi 
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l«r  lw»  ptrrfrcted;    while  the  accumulation  of  juice*  pre- Miny  wola 
and  even  rormed  into  albfimen,  for  ihe  otherst  "I^ej™'"'*^ 


■•r  U 

I  |ieanag«in  tobediMoIved  into  liquid  nouhsliment  for  thejoketfor  ihs 
I  faroured emhrja  A  beontiful  promion  of  Nature:  for,  if  °  '"' 
I  tba»tf  that  did  not  arrive  at  maturity  were  to  decay,  so  very 
ronch  is  the  rot  in  vegetables  liable  to  spread,  few  probably 
would  perfect  their  seeds ;  whereas  of  ibe  number  that  grow 
most  of  them  serve  as  a  reservoir  of  juices  for  the  use  of 
the  iBott  heulthy  of  those  the  seed  vessel  cootitins.  It  is 
not  diOicuIt  by  long  hubit  (when  there  are  few]  to  discover 
their  number  by  the  protuberance  of  the  outward  cuticle  : 
yet  after  this  ihey  disappear,  and  leave  litlle  or  no  vestige 
(nt  «  skill,  if  ihal,  Tliis  la  mostly  however  tu  be  fouud  in 
ihe  aeed  vessels  of  trees,  the  glandtferes,  nueiferen,  fee, 
wh«re  the  juices  are  easily  communicated  from  one  to  the 
plber. 

Id  all  seeds  there  never  ij  but  one  embryo  to  be  found  in 
oiw  keniel.  The  vessels  in  both  halves  should  be  traced 
■iiJi  care  tp  their  on^n,  the  impregnating  vessel  to  its  in- 
ferior, the  nourishing  vessels  to  the  exterior  of  the  seed 
veaael,  •hieb  suggests  [what  is  nftertvard  proved)  that  the  The  (Mdi  n^ 
latter  receives  much  addition  tu  its  juices  from  the  dews  and  ^•'^'=  P""  ■>' 

,    J  *  tbar  nulnmenl 

npoun  around.  from  wlihoot. 

I  must  now  mention  whut  no  one  hns  before  noticed.  Port  lalktaken 
which  is,  I  am  persuaded,  in  part,  the  cause  of  the '""''•  "''"''*■ 
■tuVes  lespectin^  the  radicle,  and  the  time  of  its  appear- 
U>  ^row  in  the  seed.     When  the  seed  is  talcen  in  the 
ressel  it  shows  a  striuj;  (see  a,  a,  a,  a,  lijr*.  1  and  'i) 
iDg  often,  before  it  rcuches  the  corciilum  of  the  seed, 
round,  and   at   a   distance   from  the  outward   cover, 
lit  string.  I  am  perrmaded,  has  been  taken  for  the 
;  or  bow  could  any  botanist  describe  the  radicle  as 
ling  the  rotyledons,  when  often  (iru  monilit  ialmene 
I  them,  the  Utter  nlwiiys  shooting   first?     1  will  be 
Kiv,  timt  the  ntdiek  of  no  seed  ever  did  grow,  till 
tpoch,  or  ita  retnni  into  the  eiirtli.     This  siriuf;, 
•li  is  ihe  impre^oalimt  vessel,    runnnt  enter   into  die 
except  at  the  corculum:  it  must  therefore  WrefrA  tn 
I,  iill  it  reaches  this  part,  as  the  seed  is  not  yet  lixed, 
miini  and  moves  in  a  «Iear  Quid,     ll  may  be  observed 
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rd the  folate,  that  scarcely  Me  of  the  jcfrfj  g  ven  is  turned 
tbeMiAriray:  but  when  the  «eeds  leave  the  capsule,  the 
vessels  Bie  «ooHiied  w'lthin  lh«  stalk  ;  besides,  the  butinesf 
tb«;  iQi|iregti;tting  vesKri  hia  theo  beea  lon^  ovur,  and 
the  Biring  ii  eithtr  lost  in  thi'  seed  vesetl,  or  melted  away 
into  iiounshmeiit  fur  the  rest;  lur  it  no  longer  siipcurs  : 
thouiih  1  have  my  doubtn,  whttlitir  it  is  not  the  string  found 
afterward  pasting  over  the  kennl. 
r*tia4iin  the       1  now  turn  to  the  diflfereot  stnge*  of  the  growth  of  the 
f^"  "^  "^  eeed.     Fig*.  3,  4,  and  5.  will  dispUy  the  keniel  in  the  ear- 
Commfco-     liesl  aage  (jf  its  first  period.     The  pockel,  d,  in  then  filled 
Jj;^**^'"w;ih  a  transparent  j.-Uy.      The  cortulum.  c.  i»  perfectly 
empty,  bein^  only  disrended  by  the  parts  ndjoiiiing.     The 
impre^Biin^  vessel,  o,  joins  the  cprciilum  to  the  pocket, 
vhich  is  Mill  teeti  at  Eome  dislanee.     Beside  tht-st;  ressels  of 
COtiMqvence,   there   are  generully  found    in   the   first  &lage 
■ome  brinj^in^  :iir,  othersjuicei,  to  the  new  iilant.     I  never 
"be&re,  except  in  vater  plants,  discovered  a  leal  air  vessel 
i*^.'"'"'*  ^  in  a  vegetable :  but  in  the  seeds  they  are  c.rtainly  found, 
and  it  is  alinost  ioipoasible  lo  conceive  nh^it  a  quontily 
thvse  lii tie  veiitls  ffUld,  and  how  i-onlinu«lly  ihe  change  of 
vessels  ib  seen  ;  each  day  brings  a  ne*  iisnorinienl. 
I       In  the  latter  part  of  this   peiiod   ihe   pei-ket   hn^  greatly 
ioorensed,  an<!  of  cour>ie  btiortened  the  i '.mtunce  bciiveen  the 
t«o  bags;  the  nouriiihing  vessels  h  .e  etitere<!  A\i'  oiiinHrd 
cover  of  tlw  iced;   and,  inste.td  of  the  ni.    ..'.<.«■)»  l>efor« 
HeeD,  a  number  of  vessels  running  from  i:'--  c' p:>rl  ap- 
pear to  BSftHt  in  increasing  the  pocket.     Ai-'l  hvr 
6rst  piTiuiL 

Tlie  second  begins  with  theiinpregnaiion  of  li 
anj  the  first  sign  of  it  is,  thai  the  cDrrulua)  is  iu 
filled  with'a  glutiuous  liijuor.  M-rfjel  N>y«,  "^Ir 
before  uiid  after  impregnation,  no  eJMinge  lakes  place  in  the 
inleriorof  the  pluiit."  1  Inive  bo  Ion-  Mudied  lh»  part, 
thm  1  must  ronlrudict  him.  I  never  kjew  ihe  secand  noon 
pass,  if  the  plant  nua  uflected,  wiibout  niuking  the  iupreg- 
iialion  vioible;  though  1  h^ive  eerlutnly  st-eii  the  stamen 
flniver,  wilhout  any  consequence  taking  plitce  with  respect 
lo  the  seed;  but  then  ibe  sefds  nenfr germinate,  and  if 
t)!ere  was  no  *isibk  efieet,  I  cunncl  cmiceiie  huw  i[  ould 
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be  known,  tliat  impre;^ nation  had  lafcen  place.     On  ibe  con-  9i 

tXTy,  Ihe  li\enn'•'^•>  of  Nature  »  eucli,  thut  nflFii'  in  4S 
htmra  thr  conuliitn  tt  tlllet),  the  inipTCgiintintr  tiue  rnnf 
llirou^li  the  liourt,  and  tW  lf»cre>4?At'the  iioun»hini;*emel« 
viuble.  Tile  line  stO[H>  whVn  t)ia  cotflnloiM  •boot,  bvl 
they  do  not  yet  nppear.       -  "  '    -i       ,  ,  .; 

In  (he  serund  stag^  of  ibtf  ^etied  tlie  Binnittiof;  of  the^it'KiEealih* 
nonmhin-;  vtB^el*  is  atinnishin^:  the  pocket  mA  nrcvltmi''''  i-mifd. 
liu:  Hnd  tiiecotyli^doiia  begin  to  i^i-o*.     All  this  lime  ao: 
idii'leiipp^ur^,  iliough  ibe  c«;ledonB  ha^e  filniott  cotn-    i,i,ji|,i„f« 
plelHl  thdr  ibrm.     It  U  in  this  sNte  of  advancetneiit,.  that      -"-i  f  *il 
the  seed  declares  wliethei"  it  U  h  Wfrf  /<■({/■.  or  fummo*  itedi  T-^oihvaant 
for  Ihcse  two  fArins  diiiile  ulmoit  the  wln>le  fMNiubhige  of '^'•**' 
•eed*. 

The  cnnelnsion  of  the  second  peiiod  shows  the  co'lyle- Lui  ■•■(«  nf 
doiit  in  their  iiaturul  form;  ihirt  U,  either  witb  two  iwtlwjt'*  ^^'j*''™'' 
«ilvfrr  thin  ten vi-s,  perftctly  wbilt;  or  with  two  thick  yvlii 
'Aw  fetofi,  which  uftiTDutd,  riNing  with  the  plnnt,  turn 
gre«n,  and  ore-  «een  iibovc  the  earth.  !  have  nekerieen  ;  *imU4l 
more  thnn  two,  cxccj.l  in  ihe  Hr  irilje  mid  lontH  of  tho  '■■**  jftoaj' 
id  ill  the  cretis  and  lAuatMrd  seed,  the  former  of 
■Vibh  buB  bix  cotjledouf,  nnd  the  latter  fonr,    Thi«  perhapt  j. 

Recounts  for  their   springing  so   quickly  out  of  the   enrlh.  * 

R^th  respect  to  the  monocotyledon"  nnd  dieotyt^ontt  1  '  '' 
tioll  say  a  few  itnrds  lowiird  the  concluvion  of  my  letleri  as 
'  aiit  perfectly  convinced  with  Wildenouw.  thnt  the  diviaion 
^  «r>oncous.  This  is  the  time  for  prating;,  that  no  fadids 
ts  yrt  to  be  seta.  Where  is  the  radicle  in  the&e  trede  jeady 
tor  planting,  and  prepared  for  it?  see  fii^.  15 — 91.  < 

When  the  ladiele  begins  to  shoot  [nnd  its  trork  ■■  toon  Radicle. 
done],  the  primordial  leaves  tilio  show  ihemielves  between 
iW  cotyledons,  »ee  figs,  ii — 33;  and  it  is  in  tlrastaj^e,  that 
ihe  holders  begin  to  gfow,  wh^re  tbtre  are  such  i>nrls  in  the 
«f«d»:  for  few  plnntK,  in  comp«risnn  of  the  inniintemble 
glories,  hare  ihrm.  In  home  of  the  diadelpliian  tribe  io- 
^teA  tbcy  grow  sooner,  pnrticularly  in  the  beans.  At  ihe 
lerminiiiion  of  the  second  perind  too  is  seen  the  use  of  that 
part  in  the  need,  which  is  formed  with  pecnliar  titrenKlh, 
and  not  on)*  marVed  where  the  vessels  enter,  but  nhich  a 
cle  coven;  either  in  a  eirtular  spot,  w  in  the 
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ehethmti  or  in  a  long  ofHndrical  tlip,  aa  ia  the  pea.  So 
violmt  ii  the  force  used  a^iust  it,  that)  tf  it  was  not  by 
varioui  meani  greatly  ilrmglhened,  the  embryn  would  buret 
from  the  seed,  long  before  its  timei  probably  destroy  itself 
by  a  prematnrv  birth,  and  teur  the  f  essels  in  a  manner  highly 
ioinical  to  their  fntiire  m^ulneu.  How  beautiful  the  pro- 
vitiona  of  Nature!  What  care,  what  attentioo,  lf>  each 
minute  circumitancel 

FInt  tttge  of       1°  ^^^  ^"^^  itB)^  of  the  third  period  th^  radicle,  grotrq 

the  3d  petiad,  too  large  for  it*  prison,  bursts  the  seed,  and  comes  forth  at 
the  hilam  or  opening  ;  which,  dH'ended  by  tht:  double  cu- 
ticle, will  only  admit  of  a  certain  aperture  in  same  seeds, 
while  in  others  it  dividrs  the  lobes. 

I  shall  not  ejiter  into  a  thorough  detail  of  the  mqnn^r,  in 
which  the  embryo  rises  and  turns  to  leave  the  seed,  as  I 
hare  given  an  exact  description  of  it  in  my  former  It^tter; 
entering  very  minutely  into  every  particular  of  that  pheno^ 

LutiMfsof    meuon;  but  proceed  to  the  last  stage,  which  concludes  the 

ttaeUiwhod.  ^iioie  history  of  the  embryo,  fixing  it  in  the  earth,  and 
raising  its  head  on  high.     The  seed  lobes  however  continue 

AccidenU  to    faKteoed  to  the  fresh  plant,  lest  any  accidejit  uhould  happen 
'  ib«  root  [ink    to  the  root :  for  should  this  be  the  ca»e,  the  nourishing  Te»- 

^«l.plnn.  ^i,_  g^ii  femaining  on  the  holders,  would  reasaume  their 
office,  regain  their  Ibrmer  fulness,  aud  with  the  help  of  the 
albumeu  (of  which  the  seeds  siill  retain  a  certain  quantity) 
nourish  the  young  plant,  till  the  radicle  had  recovered 
•trength  sufficient  again  to  supply  its  place,  I  have  sooAen 
proved  this  faft  by  severing  the  new  root  to  try  its  effefl  on 
the  embryo,  that  1  sni  well  assured  of  its  reality:  as  it  never 
failed  to  produce  these  consequences. 

1  cooMhav«  diversified  thi.i  account,  and  perhaps  made  it 
more  amusing,  instead  of  a  dry  detail  of  fa^ls;  but  1  write 
merely  to  show  the  tntli,  and  I  wished  particularly  to  cen- 
tiue  this  account  to  what  happens  to  seeds  in  general,  rather 
ihao  to  thtr  seeds  of  any  particular  plant ;  that  it  might  in 
some  measure  clear  up  the  errours  I  so  much  lament :  there 

Thp  nAx\*       '*  nothing  more  therefore  to  show,  than  that,  aa  the  radicle 

» the  i»p  (which  is  always  the  lap  root)  touches  the  earth,  the  nonrish- 

iog  vessels  decay;  and  the  primordml  leuves  raise  iheni^lves 

with  the  sUlk  in  a  perpendicular  jioslute.     Sends  differ  at 

this 


||U  liae  ID  oae  reipecL    In  wed  Vairei  they  tube  ibeo)-  Dlffemcc  la 
•Ivet,  sm)  continue  to  graw  with  th«  slulk;  tliough  th«y  1 
rfmar  l^  ihdr  outwftrd  formi  that  Ihoy  have  differed  in  their 


CnttnuiDer  of  growing;  « 
fad  ddifrmte  cotjledor 


hile  other  weds,  Ijaviogthe  silvery 
leave  them  iu  the  earth,  where 
flwy  dec^y  with  the  lobes,  I  caonot  Bgrev  with  Mirbel. 
llut  they  Bfterwurtl  nouritih  the  plant :  id  b  very  short  time 
tliey  (as  well  at  the  remnant  of  the  «eed)  break  off,  nud  are 
the  earth  ;  or  serve  ai  a  nest  for  some  of  the  nnmer- 
•o>  ioWts,  that  eijually  receive  their  nourishment  from  the 
^uDty  of  the  Almighty. 


I  shall  HOW  ahow  the  conclusion  of  the  chestnut  and 


gniM,  -■ 


ti»e  fonoer  of  which  djffersin  a  curious  manner.  It  poasessfs, 
like  the  peach  and  every  other  sepd,  the  parts  ulready  men- 
ftooed.  except  the  cotyledons,  which  it  is  wholly  without.  Wiiho 
Itu  impossible  to  have  watched  it  more  narrowly,  and  to '**""' 
hmve  ma<;nilird  it  to  u  greater  degree;  but  it  hu»  certainly 
cotyledons ;  and  the  reason  why  it  has  none  is  very  pluin, 
•nd  shows  distinctly  the  use  of  the  cotyledons.     It  hut  tnch 

«ith-  Rts 


a  of  (hi*. 


K  length  of  static  lo  the  leaf,  that  the  seminal  leavi 
mil  greatly  exceeding  their  usual  size]  could  uot  cover  it. 
The  immordiul  leaves  therefore,  with  their  stalk,  shoot  from 
tlie  place  the  rotyledons  usually  show  themselves  at;  and 
the  stalk  of  course  comes  from  the  same.     See  the  neurt  of 
the  horse  chestnut,  fig.  15.     This  very  plainly  shows,  that 
the  cotyledons  are  of  no  other  use  to  the  erabryo,  thun  U<p  of  ihe  eo- 
■creening  the  primordial  leaves  from  the  light  and 
^eir  tirst  formation.     The  esculuii  differs  in  no  other  man- 
frem  the  peach  in  its  seed  ;  the  holders  are  longer,  but 
ihej  in  reality  are  no  more  connected  wilh  the  interior,  than 
tile  fruit ;  which  I  have  purjiueely  ttvoided  mentiuuing,  not 
to  confound  it  with  whut  nature  esteems  of  so  much  more 
consequence. 

A*  la  ihe  grass,  it  will  ut  first  sight  appear  to  possess  a  G 
part  different  from  other  seeds.  AHer  strict  examinalitm 
kotneter,  tliis  is  found  not  to  belong  to  the  »eed,  bat  to  the 
tbIv^  of  the  grass,  and  to  be  the  eicrescence  on  which  the 
stmoens  grow  :  and  as  to  the  small  head  on  which  the  coty- 
ledons real,  it  is  c^tuiiily  a  jMirt  of  the  heurt,  since  all  the 
*e>!«hi  pass  ihrodgh  it;  und  literaUy  is  that  part,  which  Is 

fir*l 


'^ 
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Bntjifrmtti,  in  the grast/eeib.  I  shall  gay  something  more 
vrthiiorderofpluiilst  wheu  I  come  to  explain  tlie  Jl^rmatiott 
of  the  p^^liDB. 

Wjiy  I  hove  troubled  the  render  with  this  long  nnJ  1  fear 

i^pn  ini-ntioned  :  ifithout  a  uiinule  iU'~ 

lu  elear  up  the  inauioerable  iiiistaltL's, 

fhitt  have  ijivolved  this  pai-l  of  boluny  In  oiieclotid  of  enoiir : 

nor  can'ihey  be  luo  s.>m,i  rectified.     The  fiiat  I  sliull   uolice 

The  hcildcti  nf  is   the   sujijiosiii^   tlie  AoUcf.s   o/  (lie   tt-ed  (or   lliosi;   jiarls 

fhich  retuiii  the  iubcs,  uinl  fiisteii  41i<;i]|  to  the  embryo^iUut] 

;onin.eu<.tm.:iil  of  the  ladicW ;  an  expknBli..n  auv- 

ing  ^^l^vIf^log^isl^.      Bot  this  mistake  could   iieyei 

luude,  if  I  he  seed  hiiil  been  diabecled  progresihe/i/, 

lum,  whieK  is  ihi-  lirat  pai't  fonijed  of  llie  embryo, 

already  shown,  la  the  teptre  of  lh«  i.ss.li,;  thi 

ityledotis  shoot  from  the  lower  pari  iti  the  pocket":. 


Many  mh- 
patiof  bour.f. 


tor  (lif  com- 
tnenwrnrni  of  to  be  lb 


Bivwihoftbc 


dThecoc. 


.ail  have 

,1  nem  and j^ ,- .. 

ilie  radicle  from  the  other  end;  whih 


pregiiatint^ddct,  ri 
Sut  instead  of  thi. 
^^  cVf  avoidini,'  this  i 
in  the  tieed.  How 
get  there?  As  well 
be  Eiiimosed  to  prt 


4 

.iii|>Ie  (irtigress  il  is  said,  that  the  radi- 
ett  iiru-,  shoots  from  t«o  different  spots 
tlie  vebsel,  tliiit  mtist  nccom]tuny 
light  Iho  laU  aiid"l.iu<i  le(:»  of  a  clil.-keit 
■ed  from  the  strlti^  that  fiiMeus  it  to  the 
egg;  iior  are  the  holders  of  half  the  (.■oii=er,iieiii'e  the  string 
is  to  the  bird,  for  thai  is  |he  vehicle  of  nomishment  to  it, 
but  the  holders  art  men-ly  mi  eloiifjatloii  of  the  seed  ves^iel 
for  the   jinrpoacs   before  mentioned.     The  eced   is  merely 
a  tox  where  life  is  shfllered,  bnt  which  is  only   kept  from 
"(Jeeuy  by  the   living  enihrj-o  it  contains  ;   nor  is  it  linked  to 
■jU  fi';idle  nil  Ihe   last  epoeh;   wlien  the  holders  lengthen. 
^(I  fasten  iheiorplves  to  the  embrjo  plant,  the  i.'nlicle  ey- 
^It^ng.U,  ahoul  nu   inch   down    the    rool,  in    order   m 
aeenrety  to  retain  il.      But  a't  there  are  few  seedi  that 
^hija^  formed,  aitd  the  hjbes  ihemielvea  with  their  outw 
,<;y|ic^^  rmbrtifr  tlitemhrm  in  almost  all  plants,  il  may  well, 
be  believed  the  pt^rt  c!)n  be  but  of  liiift  conffguatti 
kuvw   but  one  orde 
idea,  ami  that  is  tin 
iiiice  arise>{  from  thi 
vidlh  of  the  co'culu 


but  of  lUt/t 
T8  tlie  least  sanctioii  to  llie 
lud  the  cauae  of  this  appear 
cciipvin^  not  ubove  half  the 

hit  ia  set*  while  tl 


mf 
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infimadt,  laking  odyanltu^  or  thi«,  swvH  ode  &t  the  other 

■(cl«,  giving  tlie  wiiole  »a  ciooked  ud  ti{iprarance  in  many 

ii()ei.-irs  ai  to  Lie  fuvourabk  to  lh«  siipjmsilion.     But  an  an-  Tho  huldcr*. 

•oiMereble  urgnment  a^alndt  it  ia,  that  nr.t  one  of  the  ves»el0, 

the  radicle  tnunt  conlaint  >u  order  tn  pcrlbrm  iU  Various 

afficpt  of  ^tcreiioDi  iin(iiil«i(>|i>  &^  id  to  1>r  ronnil  ia  the 

hbld>?r9,  bit  nil  in  the  lieart.     This  is  liiily  the  khI  t>f  life, 

or  vitnl  part  of  the ^nit}t}.o,  for  the  limtr  uf  its  infanry; 

wberea>)  the  holiJerv  ure  a  mere  elongutinu,  of  the  Bced  lobet 

(v^irb  ia  easily  proved  by  dtosecitoii)  and  a  thick,  strung, 

dry  skiu.  till  the  iKturiohiu^  vesHtU  run  on  them ;  when  they 

appear   tn'^re  utoisl,  aiid   iiicrease  in  length  very  greatly 

aiMut  ihelim^  the  embryo  leaves  the  seed.     But  the  lieiy 

pr  tile  d^'awiu^)  will  prove  the  uiiktake  KOpner  than  all  my 

atKi^meulH  perhups;    an<t  thut  1   may  not  be  accused  of 

faveuiing  my  subject  by  toy  aketches,  1  slwll  borrow  cue 

rrnrathuteicellenti^arkofUr.  Smith's,  it  ia  an  exact  iigurc 

0f  the  beuii.  Slid  plainly  showa  the  holijcrs  in  their  proper 

light.     Dr.  Smith  not  beiug  hia  own  diHseclor  will  account 

toi  hi«  beiug  atw  implicjiled  in  the  mistake,  for  he  inarktt  Ml  taken  for 

the  holders  as  the  beehminit  of  the  radicle.     Mirbel  and  '''=  '"■B"'"'''! 

'  on  „,  ,|,e  ndicl* 

^Vjlden«uw  were  ilIbo  ot  this  opinion.  Duhamel,  afler  call-  b;  moatbutw 
,ing  them  by  a  n^m<;  synonimous  to  holders,  seems  to  forget  '*"> 
it,  and  linishes  by  marking  them  aa  the  commencement  of 
the  root.  Discouruged  at  hndiag  so  many  great  men  against 
IDP,  1  had  scarcely  (he  resolution  to  seek  in  Grew  for,hi8e„,p,  Cre*. 
opiiiiau;  tind  whs  really  delighled  to  find,  thut  he  thong)) t 
■he  holders  of  so  little  consequence,  as  but  just  to  mention 
Iheir  retaining  the  lobes;  without  giving  any  reason, foi'  it. 
But  no  person  can  be  deceived  who  will  take  a  peach, 
.  cherrf,  bean,  grass,  or  any  kind  of  beed,  and  draw  off  the 
lobe*;  for  tltey  will  tind  no  resistance  to  the  separation ;  a^d 
a  |u*ce  of  tiiiu  skin  will  be  seen  to  liave  covered  the  radicle 
■  liiile  way  duwn,  and  be  very  easily  divided  from  it,  break- 
ing no  vessels  whatever.^  ,     , 

The  nrxt   miMuke  1  thull  endeavour  to  rectify  \s  that,  Coiyledom 
which  supposes  tlie  cotyledons  to  noarish  the  young  plant ;  """''*""|'' 
.  without  recollecting,  that  they  are  a  part  of  the  embryo,  and  noiiii*h  ihe  - 
(Caimot  therefore  nourish  themselves:  a  syiilem  abaolutdy  f''"''6t'«"'- 
cvntrjry  to  the  laws  of  nature.     What,  on  iliia  supposition,      i 

would      ^ 


would  be  the  om  of  the  nounBbing  vneelu,  which  occupy 
towurda  the  iuM  ^poch  of  tlie  set^d  no  lurgv  a  portion  of  il,  us 
plainly  to  erioce  their  cotiHequmce  ?  And  what  should  cuute 
these  veteelH  to  remitiii  attikched  to  the  embryo,  but  the  bo 
rideiiti  to  which  the  root  is  liable?  We  kuow  indeed,  that 
there  ts  a  spot  m  the  tieetJ,  which  add*  to  the  juices  of  the 
nouribhiijg  vessels  x)iHiJweet  Jtuid  requisite  to  the  support 
of  the  young  plmit.  In  these,  when  mixed  toother,  it  re- 
poses, as  in  H  bath,  suckifig  them  in  at  every  pore:  but 
this  sweet  fluid  alone  would  not  suffice;  a  less  cloying  liquid 
IB  wantiog,  and  l/iu  thexe  imporlnnt,  tiour'uhinp  vetitli  pro- 
dace.  Where  then  is  the  use  of  further  support  ?  The  cotj'- 
ledons  are  of\en  extremely  full,  juicy,  and  thick  ;  and  (es- 
pecially in  see*!  leaves)  grow  extremely  fast:  coUBeqiiently, 
instead  of  nourishing  other  pnrts,  they  TeqBire  for  their  nwn 
(growth  much  support.  In  hr>,  where  there  are  so  many 
I'otylcdons  (as  almost  nil  th«  pines  have  9:  indeed  I  know 
but  two  that  have  4  only;  thoogh  they  do  iii)t  ull  come  to 
perfection),  it  must  require  a  quantity  of  juices  to  form 
them,  inateiid  of  assisting;  to  form  the  embryo.  .  Nor  could 
1  ever  perceive  any  diminution  in  the  cotyledons,  though  I 
have  wntt-hed  them  with  the  greatest  care.  When  they 
leave  the  seed,  they  are  just  as  thick  as  ever,  and  altered 
only  in  their  green  colour;  whereas  the  spot  in  the  seed, 
which  produces  the  sweet  Hiiid  just  mentiont^,  shows,  by 
the  llitie  the  embryo  htn-es  the  seed,  so  large  a  vacancy,  as 
plainly  to  indicate,  that,  if  the  embryo  did  receive  notirislN 
inent  from  the  cotyledoiiw,  these  delicate  leaves  would  pro- 
claim the  charity  in  a  very  conspicuous  manner,  having  little 
of  their  proper  Jbrm  after  such  a  reduction.  Besides,  in 
those  seeds,  where  it  *a  possible  lo  do  it  without  dtMroy- 
ing  the  priinoi'diul  lenves,  which  alwuys  greatly  hurts  (he 
embryo,  such  as  the  oruntje,  lemon,  &c.,  [  hnve  repeatedly 
sever«l  the  cotyledons  the  momenttbey  were  formed,  and  it 
produced  no  visible  ctfect ;  ihouj^h,  if  it  had  iit  the  leust 
Icsaeni-d  (lie  food  uf  the  embryo,  so  little  can  it  bear  auch  a 
privnliun,  it  would  liuve  died  directly. 

There  are  irtnumeralilf  convincing  proofs  of  the  power  of 
the  nourishing  vesstis,  and  one  of  the  strongest  is,  thai  yoit 
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If 


5«B  cat  tUng  off.  The  <}uanttty  of  hnirs  that  will  replace  « 
diU|)idited  piece  in  one  nijiht  tit  really  wonderfol.  Here 
Ihercrorc  Nature  plainly  tipeakti  her  purpose:  nor  doe»  the 
Ins  poititedly  make  il  kiiuwD,  when  th«  nourishing  veuels 
decuy  as  soon  us  the  radicle  enters  the  eatth.  It  is  aiich  in-  but  4enr 
dicalionsaa  ihwe  of  the  laws  end  customi  of  nature,  that  J^'iJ^^t 
should  be  collected  by  Bolaniita  with  care,  after  being 
thoroughly  verified,  and  form  their  axiom*,  for  they  cannot 
tuitlend.  But  those  which  place  nature  in  an  unnatural 
situation,  in  order  to  ascertain  her  rides.  1  would  ever  re- 
ject :  or  kee|i  them  for  triuls  only,  and  not  build  systems  on 
theu  :  for,  if  the  fonndalton  is  not  secure,  how  can  ynu 
trust  to  the  building  ?  I  shall  say  no  more  on  this  subject : 
■s  ■  little  considemtion  must  I  think  show,  that  the  idea  of 
the  cotyledons  nourishing  the  etubryo  is  a  mistake,  tvhich 
will  I  trust  be  rectified.  [  ahall  proceed  therefore  to  my 
l«at  sxhirr-ti  grieved  that  my  letter  has  unavoidably  spn-jil 
to  sDch  a  length. 
To  thedivisioQ  most  physiologists  make  of  raonocoty]edo-'niEiliv»i> 

BOOS  and  dicotyledonous  plnuta  1  should  have  tin  manner  of  P'""'*  '"y 

'  .  .    ^ manocotj 

objection,  were  it  not  founded  on  the  mistaken  sup(>oB)tion  nomandi 
•f  there  being  plants,  that  have  only  one  cotyledon,  which  'Jl^tonous  • 
M  undoubtedly  false.     The  palms,  ut  lea^t  all  I  iiuve  hern  there  ir*  m 
able  to  procure  for  dissection,  have  3,  and  the  grasses  either  ""h  a  •iii[l»' 
tor 4.     Tile  orchises  are  so  very  diminutive  in  their  seeds,  pjimi 
that  il  is  not  easy  for  any  one  to  dissect  them  :  but  1  have  Oichii* 
been  fortunate  enough  to  detect  one  in  a  state,  that  showed 
its  cotyledons  in  the  solar  microscope.    It  is  a  st-ed  leaf,  and 
has  two.     The  only  mosses  I  have  been  able  to  diseect  on  the 
•ame  nccotint  have  vi^bly  tvro  little  round  leaves  from  the 
interior  of  the  pocket,  being  the  wsuul  pluct;  whereas  the 
grosses  and  palms  Iiuve  tliiir  cuiylfdong  rising  from  the  tide 
of  the  heart,  instetid  of  the  middle;  and  what  has  been 
taken  by  botanists  fur  the  cutjledoiis  is  llie  prituordial  leaf, 
which  niDsI  of  copme  in  both  tho^  plants  be  ungle,  siucc  > 

tlley  grow  only  leaf  by  Ipaf.      In  the  |wlm,  (see  PI.  11,  figs.  Date  p,!- 
a?,  26.  30.)  the  cotyledons  surround  the  lieurt.  and  arc  in- 
deed Tcry  difficoU  to  be  stpsfuud  fiom  it.     Nothing  but 
boiling  *til  do.  and  then  it  must  l.c  the  corcolum  aloue  that 
is  boiled.    The  leart-s  tbcu  perl  ufT,  and  show  their  number. 
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Ill  the  part  from  which  the  pocket  Birc tches  the  primordial 
Inrt-hoots,  ot  least  in  the  phiEtiix  dmiyUfiera.  There  are 
some -very  extraordinury  thiii^  liclonging  to  thibseedi  it  has 
the  sppt^rance  ofbeini^  formed  of  u  colleetiou  of  CKtreiiicly 
diiDinutive.  palin-leavus,  coB|ru1ated  uud  piesbed  together 
iato  M>  hart  a  Hub»tance,  that,  when  cut  into  very  thin  tA'me* 
with  ilie  toooH'tt^ter,  it  prMeotA  ft  pitiure  of  pieces  of  palm 
leiiivt  with  all  their  veins  and  ve»aeU.  It  ia  a  long  seed,  and 
rolled,  with  a  deep  iiiei»ion  down  the  middle;  and  Imvitig 
ihe  appearance  of  a. very  dtaiinutivt  Itaf,  but  very  broud, 
apposite  to  tlm  corculura,  i^hich  lies  also  in  the  middle  of 
the  seed,  a  very  uuumuI  circumstance,  Ste  Figs,  iii,  27, 
Tbecorculum  is  uncomnioiily  large  ood  white.  The  little 
wild  palm  Iisia  a  still  lurger  heart;  the  seed  is  round  ;  it 
baitn'o  cotyledons  spreuding  round  it  in  the  i>uine  manner 
as  the  other  palm;  and  the  wax  palm  has  alao  I  wo  cotyle- 
dons, but  thiuoer,  tvhiter,  and  more  delicate.  I  hnve 
planted  them,  and  hope  in  my  next  tu  show  tlieir  appeui^ 
unce  when  leavin'^  their  eeed,  which,  □»  lliey  require  time, 
I  have  not  yut  been  able  to  do. 

As  to  the  praises,  the  reason  that  all  physiologists  have 
joined  in  tefuitiug  the  name  of  cotyledons  lu  those  diminu> 
live  leaves,  which  have  all  the  appeKrance  of  wnirnal  leaves, 
and  cerlainhj  perform  all  the  fvnctioiu  of  ihein,  such  «» 
(creeoing  the  primordial  leaveni  he,  hat>  been,  I  bnppose, 
because,  iiifttead  of  appearing  at  the  middle  of  the  bottom 


purt  of  thi 
.  ihey  lue  iimh 
Ins  falitely  bet 
ilaelf  to  be  ih 


ityledons,  they  appeur  at  the 


sides 


but 


ihtfclly  tha  cotyledons,  and  the  leaf,  which 

I  called  iio,  is  the  primordial  leaf,  and  proves 

,  by  showjn;^  a  complete  fgtasi  leaf,   exactly 

-  thenxmeits  those  which  succeed  it.     The  cotyledons  are 

diminitllvi',  thill,  silvery  leaves,  that  screen  the  primordial 

lone^;  rtnd  diould,  I  think,  be  restored  to  their  original  de- 

,':  itQi  I  Illation. 

There  can  be  no  doubt,  that  the  division  of  plants  is  an 
■excellciit>>ue;  but  it  would  be  quite  as  good,  when  founded 
•»  thtfirinioidial  leaves  bein^j  single,  as  the  cotyledons  he- 
ia^  io,  I  have  had  somt:  thoughts  of  arranging  the  seeds 
m  such  a  manner,  that  o  word  or  two  added  to  the  present 
,    geMraldescriptinii  should  indicate  what  sort  of  eeed  the 

plant 


ox    TRE  STRDCTDBK  AND  GKOWTB  OP  MEDS. 

Utit  had;  v\\e^tr »  ffif  se*d,  B-roflhg^u-ed,  or  a  eommom 
irrf;  making  these  the  oi'diir,  with  gruframMl  Hpecies^,  ex- 
tetiy  t^.  <liKriuji[^;ite  the  sorts:  for  i>  it  jjrnjier,' that  ijif" 
■t  »{  «atl»  »houl(J  be  dtBtribfd  in  bo  elnboi-ate  u  mJli- 
er,  and  that  (Up  iuterior,  by  fur  nf  the  most  cimseijuenc^, 
i4t  part  wliich  Nature  h^is  (hstingtiisheil  with  every  atlen- 
tMi«ptlr>ery  cure  (lossihle,  should  he  wholly  neglected? 
^Qij^jit  nut  be  estremely  curious  to  inquire  what  efTect'a 
^Um  deriv*-!>  froin  btjliig  4  teid  le^f^  For,  though  a  •ee<i 
r  Ifegim  ■)'U(;tly  litve  a  common  seed,  and  has  all  ilie 
jght  parte  before  inetitioued,  it  differs  very  greatly  in  oue 
Fap^ct;  ihut  i»,  vhia  the  pocket  is  complete,  and  juins  the 
jurt.  the  cntjledous  ^row  with  a  quickness  impe^aibre  to 
^toribe,  and  have  aUu  additional  means  of  nouribhntefit 
IT  tttia  purpose,  auil  Ibr  the  growth  of  those  vessels,  nhicti, 
|ke  rommoii  lesv(.-s,  aie  regularly  wove,  eloogatiug  front 
Biid  broui;lit  for  this  purpose  from  the  eMi.iior. 
fbi>  miMl  caiwe  a  ^rrat  cliange  in  the  jilant,  1  should  coo- 
C(ve>  ^'or  would  it  be  It-git  curious  to  itee  t)>e  effect  of  the 
^ting  urd  on  tlte  pliinis.  But  I  &hnll  leave  these  nubjertB 
o  be  disciiDbed  in  my  uext,  F.hould  this  be  received  with  the 
■fBc  degree  of  furotir  i  huve  Irefore  been  honoured  with. 


IfMllt  'Si((  . 


ir«bedi«itt>6UHieA«irT(liit/  '-> 


[-V%'8>  '  Moit  succideiit  twrbuceous  plants  have  leaf  seeds;  Diviilai 
■  «M»i  Mron^  aiid  nt^otouH  trees  liuve  vommoTi  teeds ;  and  ,the  ""^- 
Kt«ltiog  itfed,  which  is  ■diA'creot  son  <il  leaf  «eed,genenklly 
idioam  a  weuk  iraal)  plant,  such. as  cliwberti,  oik!  ctc^p- 
bg  pUtitD.     1  HgaVn  repeat,  it  iiiokea  little  diSereiiiw  luj^e 
't  is  it   possible  to  tell  what  ihtr  iieetl  wiU  hvi'tJU 
irly  the  end  of  the  second  period;  but  this  djflisreiiw  I 
fthall  etplain  in  my  next.     1  hsve  nuw  dissected  eigltt  rfif- 
I^Jerrot  sorts  of  inoosps.aiid  they  have  all  ttvQ  semiuul  leaves, 
Bfe  theireiatUu  and  i}ie  licbeq:     ,    j     .;    .     -j 
■  milt  •tii.l  -,      .■^,  .jtbo'^JLj  a.'j  .> 

Erptiittanon 
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Expiait* 


n^tflAt  Plata. 


bpUmtiMgf  PUtn  I  nnd  IT.  Fig.  1.  The  Med  vesael  of  the  horie 
P  '"*  cheotnut,  cut  open  horizontally,  a,  a,  a,  9,  the  impregnat- 
ing veMel,  or  vewel  of  life,  proceeding  from  tht:  interior  of 
the  Med  ressel.  it,  £,  the  string  that  strclchti  to  attain  the 
heart,  aud  whieh,  1  think,  w  mistaken  for  the  rudidt. 
b,  b,  b,  b,  the  nourishinij  vevsels  (inarked  by  dotted  lines 
only,  to  dl>tiiigii)::h  them],  which  always  proceed  from  the 
oxterior  of  the  Med  veasel.     d,  d,  d,  d,  tbe  pwket. 

Nole.  Similar  lelteis  of  reference  denote  the  same  parti 
^ip  all  (he  figures. 

Fig.  Q.  Half  a  aiiuitar  seed  reMel  cut  loagitudiualty, 
showing  the  tirst  appearance  of  the  seed  veuel  in  the  bud  of 

Pig.  3.  The  teed  of  the  horse  chestiiut,  Fig.  4,  that  of 
the  peach,  and  Fig,  5,  that  of  a  grass,  as  they  first  appear 
in  the  bud  of  the  flowed,  e,  the  corculum.  e.  the  cuticle, 
or  outer  tkiii  of  the  kernel.  The  seed  of  the  penth  is  deli- 
neated in  the  need  vessel;  the  others  are  taken  out  of  it. 

Figs,  G,  7,  8.  The  stime  seeds  in  their  second  stage  of  I 
groutb. 

Figs.  9,  10,  II.  The  three  seeds  in  iheir  third  stage,  when  i 
impregnated;  the  pocket  joining  the  corculum,  and  th«  I 
string  k  disappearing. 

Fig^.  19,  13,  14.    The  seeds  in  their  Gf^h  stage:  the  c 
culum  perfected,  the  teminal  leaves  almost  complete,  and 
the  nourishing  vessels  on  both  sides  of  the  seeds. 

Figs.  15,  16,  17-  The  three  plants,  showing  only  the  etii> 
bryo  of  the  cheatntil  and  peach.  This  is  now  as  complete 
» it  ever  is,  till  placed  in  the  ground  in  the  seed.  It  is 
given  thus,  to  show,  that  there  is  no  radicle  to  it ;  and  that 
the  root,  which  will  grow  as  soon  as  it  is  placed  jn  the  grnund, 
can  proceed  only  from  j.  This  is  easily  seen,  by  comparing 
these  <*ith  the  plants  where  the  root  is  annexed,  which  is 
merely  6Hed  out,  and  grown  longer;  and  where  the  heart 
is  still  to  be  found,  marked  by  a  dotted  arcle.  g,  g,  the 
cotyledons,    j,  i,  the  primordial  leaves. 

Figs.  18,  19-  The  bean  and  its  embryo  from  Dr.Smitba 
g,  the  cotyledons,     i,  the  holders;  which  sbow  bow  littla 

the] 


JWAfbmt  nOn  Jixnal,VeUaar.JlI.fU^ 


r 


J 


» 1 


\ 


ON   8PON9!ANEOU9    EYAPORATIOIT.  J^ 

they  can  pretend  to  be  the  origin  of  the  root.     This  is  far- 
ther  evident  i'rom 

Fi^.  i20  and  91 :  the  former  showing  a  French  bean»  with 
the  part  to  which  the  radicle  grows  starting  from  it  i  the 
latter,  the  same  magnified :  jt,  the  part  on  which  the  cotyle* 
doiiA  grow;  y,  that  from  which  the  radicle  proceeds;  k^  hy 
the  holders. 

Ficrs.  2i,  53,  94,  95.  The  chestnut,  peach,  grass,  and 
1)ean ;  showing  the  completion  of  the  embryo  by  its  growing 
in  the  earth,    y,  the  radicle,     ft,  the  seed. 

Fig.  26.  The  seed  of  the  date  palm. 

Fig.  97.  The  heart  greatly  magnified^  with  the  leaves,  or 
cotyledons,  wrapped  I'ound  it. 

Fig.  98.  The  same,  with  the  leaves  unfolded,  to  show 
that  they  are  two,  and  that  the  point  leaf  is  a  primordial 
leaf. 

Fig.  99.  The  seed  of  the  little  palm. 

Fig.  30.  The  heart,  with  its  two  cotyledons  unfolded. 


II. 

On  the  Ratio  the  spontaneous  Evaporation  of  Water  hears  to 
Heat:  by  HoNt>|E  Flaugeroues*. 


Ti 


HE  celebrated  academy  at  Lyons  proposed  last  year  as  Priaequeiiip 
the  subject  of  a  prize,  "  to  determine  the  relation  between  P«>po»^ 
the  spontaneous  evaporation  of  water  and  tbe  state  of  the 
air,  as  shown  by  the  thermometer,  barometer,  and  liygro« 
meter."  This  interesting  question  1  was  tempted  to  inves- 
tigate; and  accordingly  1  began  a  series  of  experiments  as 
early  as  the  month  of  September,  1806,  which  I  have  since 
continued  without  interruption.  The  academy  was  very 
indulgent  to  the  paper  I  had  the  honour  of  transmitting  it 
o;i  this  subject :  but  the  prize  it  condescended  to  bestow  on 
me  I  consider  less  as  a  reward,  which  I  was  far  from  merit* 
ing,  than  as  an  excitement  to  multiply  ^nd  extend  my  re- 
searches. I  have  therefore  continued  the  inquiry  1  had 
begun,  feo  that  my  work  has  reached  a  considerable  extent ; 

•  Jonmal  de  Fhyfique,  vol.  LXV,  p.  446, 

Vol.  XXVII— Sept.  1810b        ^         C  .and 
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and  as  it  cannot  be  published  entire,  1  have  thought  I 
should  gratify  the  lovers  of  natural  philosophy,  if  I  ex- 
tracted from  it  what  relates  to  the  relation  between  evapo« 
ration  and  heat,  giving  it  in  as  concise  a  form  as  possible. 

}t  evaporation       Before  I  entered  into  the  particular  investigation  of  the 
•  fhe^urfaccTei^  changes,  which  the  state  of  the  air  occasions  in  evaporation, 

posed  simply?  I  thought  it  would  be  right  to  examine  the  general  law, 
which  it  follows  in  all  cases,  and  endeavour  to  decide  the 
grand  question,  whether,  as  most  philosophers  think,  eva- 
poration be  proportional  to  the  extent  of  surface  of  the  wa- 
ter in  contact  with  the  air;  or  whether  it  depend  also  on 
some  function  of  the  other  dimensions  of  the  body  of  water 
exposed  to  evaporation,  as  Muschenbroeck  *  and  C6tef 
assert. 

Under 6*imilar       With  this  view  I  have  made  a  number  of  experiments; 

arcumstances  ^^^^  ^^^j,  having  varied  them  in  all  ways,  I  have  constantly 
found,  that,  under  similar  circumstances,  evaporation  is  pre- 
cisely proportional  to  the  extent  of  the  surface  of  the  water 
in  contact  with  the  air.  I  found  too,  that,  when  these  two 
gentlemen  imagined  they  had  observed  t^e  existence  of 
another  law,  it  was  because,  from  the  arrangement  of  the 
vessels  employed  in  their  experiments,  the  water  contained 
in  them  was  heated  and  cooled  ■  unequally,  whence  arose 
accidental  variations  of  the  evaporation,  concealing  the  true 
law;  and  which  would  not  have  taken  place,  if  these  vessels 
had  been  placed  in  air  of  a  constantly  uniform  temperature, 
or  if  they  had  been  surrounded  with  a  large  body  of  earth, 
or  some  other  substance,  as  Mr.  Sedilleau  long  ago  ob- 
served J. 

Measure  of  When  we  find,  that  evaporation,  under  similar  circum- 

erapoiatton.  stances,  is  proportional  to  the  surfaces,  we  require  nothing 
more,  to  express  its  measure,  than  the  number  of  lines  the 
surface  of  the  water  is  lowered  by  this  evaporation  in  a  given 
time.  For  this  time  I  have  taken  four  and  twenty  hours, 
or  one  day. 

•  Essays  on  the  Experiments  of  the  Academy  del  Cimento,  Tome  1 
of  the  Academical  CoUcciion,  part.  6tr.  p.  142. 

t  Journ.  de  Physique,  vol.  XVni,  p.  GOG.  < 

}  Aiy.  M^n.  de  T Acad,  des  Scienccf«,  torn.  X,  p«  33 

•  The 
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The  «cpfiiuirnta  I   made  to  defetmine  the  relation  orEipciin 
evapntnti^M  to  IickL  wtre  very  eimple.      Oii  a  table  iu  the  'oMce:! 
ntdilli^  «^'  a  liiri^e  rouui,  the  oir  of  which  was  perfectly  still 
'iiad  heated  to  u  given  lemperature,  aud  the  humidity  of 
which  wa»  also  ascertained  aiid  conhtuntly  the  Eamet  I  placed 


id  metal,  the 
but  1  rnflde  them 
•b  on  Ie98  freely  in 
isels  1  filled  wiib' 
perature  of  the 
meoced. 

aporuted 


^^liutlrical  or  prismatic  vessels  of  gli 

en  of  which  were  of  no  importanc 

•11  above  uu^Dchi  because  evaporation 

veMcU  with  small  apertures.     These 

•priog  water,  heated   precisely  to  the 

foocn.and  noted  the  time  when  the  enperiaieiilcon; 

Keeping  the  air  of  the  room  uDiforinly  at  the  sume 

e,  when   I   thought    the  quuiitily   of  water   ev 

■night  beg;in   to  render  the  air  sensibly  nioister,  and  thut 

iminUh  its  wlvent  power,  I  measured  how  much  the  eur- 

*«  of  th*  wuter  in  the  vesstU  waa  lowered.     The  time  of 

iking  till!  uieasui-e,  which  was  that  of  the  concln^iou  of  tliv 

cperimeiit,  I  noted  down  i  and  by  the  rule  of  proportion  I 

Ifound  what  the  evaporation  would  have  been,  if  the  ejcperi- 

Deol  bad  continued  twenty-four  bour». 

These  experiments,  though  very  biniple,  are  attended  DiffituklM. 
rilb  sQDie  difficulty,  if  well  executed.  It  i*iiot  easy,  to 
.etp  the  air  of  a  large  roam  at  the  satue  temperature  lur  any 
sogtii  of  lime,  or  to  have  it  always  at  the  bome  de^jree  of 
lUluidity.  By  care,  however,  1  aceomplished  both  these 
points  for  a  time  sufficient  to  be  perfectly  sure  of  the  results 
if  these  experimetiti'. 
Tu  detenuine  the  degrees  of  heat  I  employed  several  ex-  Iwunieaa 
cellent  thermometers,  constructed  oft  the  principle  of  Mr.  ' 
Dc  Luc,  and  two  of  which  wt-re  made  by  the  late  IVIr.  Paul 
if  Geneva.  I  was  not  equally  happy  in  my  means  of  as- 
certaining the  di-gree  of  humidity;  for  whatever  pains  1 
took,  1  conld  not  prmcure  one  of  Mr.  Saussure's  hair  hy- 
grometers. This  instrument,  considered  as  the  most  accu- 
or  least  defective,  of  ihe  kind,  is  very  difficult  to  be 
tnet  with  since  the  death  of  this  celebrated  artist,  who  was 
perhaps  the  only  person  that  succeeded  in  making  good 
But  as,  all  thut  was  requisite  in  the  present  inslauce 
was  to  fittd  one  constant  degree  of  humidity,  I  endeavoured 
to  supply  their  want  by  meuns  of  hygromeiers  made  of  one 
C  2  piece 
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piece  of  gut,  but  which  I  constructed  with  particular  at- 
tention,  as  I  niay  perhaps  relate  at  large  on  some  fatnre 
opportunity.     I  shall  only  say,  that  the  uniform  ^egree  of 
moisture  I  chose  for  my  experiments  answered  nearly  to  50* 
of  de  Saussure*s  hygrometer*. 
Mesfuremeut.      To  measure  the  lowering  of-.the  surface  of  the  water'  in 
the  vessels,  1  employed  a  scale  of  1000  equal  parts,  accu-« 
,  Tately  divided  by  Caiiivet.     Of  these  parts  1^  were  pre* 
cisely  equal  to  a  French  inch.     1  took  the  measure  on  the 
•  side  of  the  glass  vessels  with  a  pair  of  spring  compasses, 

the  points  of  which  were  extremely  fine,  and  a  lens.  For 
those  of  metal  1  employed  a  small  commodious  instru- 
tnent.  It  consists  of  a  capillary  tube  of  glass,  6rmly  fast* 
ened  at  rig*ht  angles  to  a  wooden  ruler  perfectly  straight ; 
and  a  scale  similar  to  the  preceding  traced  oa  a  very  thin 
,  and  narrow  slip  of  brass,  fixed  to  the  tube.  The  inside  of 
the  tube  being  wetted  by  a  drop  of  water  introduced  into 
it,  the  tube  is  immersed  perpendicularly  in  the  water  nf  the 
vessel,  till  the  edge  of  the  ruler  rests  on  the  brim  of  the 
vessel.  The  water  ascends  in  the  tube  by  capillary  atrao- 
tion,  and  the  point  of  the  scale  to  which  it  rises  at  tlifi 
commencement  of  the  experiment  is  noted  down.     The 

•  .    same  operation  is  repeated  at  the  concludou  of  the  experi* 
^  ment ;  and  the  difference  between  the  former  point  and  that 

to  which  it  now  rises  measures  the  lowering  of  the  surface 
by  evaporation. 
L^w  of  evapo.      When  I  had  thus  obtained  five  or  six  well  defined  eva- 
ration.  porations,  corresponding  to  equal   intervals  expressed  in* 

degrees  on  the  scale  of  the  thermometer,  or  to  equal  differ* 
ences  of  heat,  I  endeavoured  to  find  the  law  these  evapora- 
tions followed.  For  this  purpose  I  made  many  fruitless 
trials,  till  an  idea  suggested  itself,' which  from  its  simplicity 
ought  to  have  presented  itself  at  firat;  that  of  introducing 

between  the  two  extreme  evaporations  as  many  geometrical 

.  * 

•  proportionals  as  there  were  evaporations  observed  between 

*  In  ray  eocperiments  on  the  ratio  of  evaporation  to  the  moistare  of 

the  air  I  employed  a  method  of  dcterminipg  this  moisture  more  certaiii 

than  the  most  perfect  hygrometers ;  that  of  calculating  directly  the  qnan- 

•  tity  of  water  in  vapour  contaiaed  in  a  given  bulk  of  air,  by  absorbing 

this  water  by  perfectly  dry  potash. 

them* 
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^'Aena.  Having  done  tliis,  1  found  to  my  great  satisruction, 
that  lh<?fle  mean  ijeomelncul  proi>orti(iiials  eiidently  repre- 
Mtited  tlie  iatermerliule  evaporations.  All  ihe  experiments 
I  ariencard  mude,  i!ie  results  of  which  are  given  in  the  fol- 
Uwioi;  table,  cooliriii  this  1^^  ^ 

Tftv  tirst  column  ofOii^ablc  contains  the  degree*  of  E^planiLian 
'"r.  De  Luc's  thermometer*,  at  thft  temperature  of  which  **"  "'''*■ 

noide  iDf  expcrim^ntB  f. 

i  The  third  column  contams  the  mnn  results  of  3()t  expe- 

ineuts,  wliich  1  made  to  determine  the  rutio  of  crafftirutiou 

».he«l>  and  the  degree  of  spontaneous  (;vapcratioii  of  wa- 

t  at  every  degree  of  Mr.  De  Luc's  thennomeler  from  O"- 

■  31%     To  give  the  particular  result  of   every  experiment 

nuld  have  bepa  utteoded  with   little  adfautage,  and  occii- 

tnuch  valuable  room:  accordingly  I  hiive .divided 

of  the  evaporations  observed  lu  every  expecimeot 

le^lie  tame  decree  of  heat  by  the  uuuiber  of  tUe»e  u^^ 

perimeiits,  and  given  ojly  the  tiuolient,  or  mean  result. 

'Vhe  Iburth  column  contains  the  evaporatiooa  calculutcd 
a^l^iog  to  the  rule  above  mentioned  ;  that  is,  by  in»eit- 
i[>g  30  nieiin  geometrical  prnportionals  between  the  num- 
bers expressing  tht  cviiporations  obnervcd  at  0°  and  31". 

The  6fth  column  gives  the  dilierence  between  the  evapo- 
ratiou*  thuH  calculated  aiid  the  mean  of  Ihoie  observed. 

In  making  these  experiments  I  chose  times  when  ihe  ba- 
roniete^waa  about  its  mean  height,  which  I  determined  by 

rOQ  observations  at  my  observatory,  «8ch  day  at  noon,  to 
S7  inches,  9'3  linea  [29-5G  in.],  supposing  the  quicksilver 
the  lem{terature  of  melting  ice. 


r  •  A  fcconj  column  is  hrts 

dJetl,  coimlnliig  lh<neof  Fahrciiheii. 
C. 

t  I  to-ide  .om.  other  exp<^ 

menu  We«d,  and  »  Tor  u  40*  of  the 

1  have  oat  yei  been  able  lo  repeat  them 

M  oActi  ut  ^iivlK'il,  I  t.i<c  aol 

te^ioitc4  their  results. 

OIT  BPONTINSODS   EVAFOftlTIOH. 
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TbedHDRcncci  tf  we  examine  the  difierences  in  the  fifth  column,  we 
ownig  to  iDie.  g]m|]  readily  perceive,  1,  that  these  difleteiicea  are  very 
euncioiiathe         ,,  f         ,  .    .„.  . 

MpetimcDif.  smoll;  3,  that  they  are  ladiffereotly  positive  or  negative ; 
and,  S,  that  their  Bum  h  neit  to  nothing :  whence  it  ToIIoits, 
that  these  Blight  differences  may  reasonably  be  HS<Aihe(l  to 
the  errours  unavoidable  in  experimentB  of  thia  kind;  and- 
that,  without  these  errourB,  the  evnporutronB  observed  would 
,.  have  coincided  with  those  calculated  accordiiig  to  our  hypo- 
thesis, irhich  may  conBequently  be  considered  as  perfectly 
conformable  to  nature. 

From  the  precedioji  experiments  therefore  we  may  infer 
this  remarkable  law,  thxt,  while  the  degrees  of  heat  iacrease 
or  diminish  in  arithmetical  progression,  the  corresponding 
evaporations  increase  pr  diminish  iii  geometrical  progression. 
Thus,  the  heat  in  our  experiiueiits  increasing  uniformly  and 
successively  one  degree  [2-25°  F.],  the  corresponding  era- 
pomiions  form  a  geometrical  progression,  each  term  of 
vhich  is  to  the  preceding  in  the  ratio  of  I-O947  to  1.  So 
these   erapora^ons  form  a  gcnmetrical  progression  nearly 


geometrical 


OM  IPONTAHEOVS   EVAPORATION. 

ill  »  duplicate  ratio.  If  we  take  intervals  of  7-fi°  [i7'l°  F.]; 
and  neiirly  iti  b  triplicate  rutio,  if  the  intervals  be  of  1Q° 
[iT  F.]. 

Hence  it  foliowE,  if  we  suppoee,  ihut  the  degrees  of  the  FormuU. 
therm iwnettT  nre  repreeented  by  equal  parts  of  a  right  line, 
und  that  on  ent^h  of  the  poiat^  corresponding  to  a  degree 
ne  «rect  u  perpendicular  ecjual  to  the  evaporation  that  an- 
«wers  to  that  degree  of  heat,  the  degrees  of  the  thermome- 
ter will  be  the  abscisses,  and  the  corresponding  evaporations 
the  nrdinates,  of  a  logarithmic  curv«,  the  subtangent  of 
which  may  be  fount!  by  tlie  following  ratio. 

At  3-BO47309  [the  diSereoce  of  the  Naperiau  lognrithms 
r4Sl6045  and  4-2S634U,  answering  to  the  numbers  4'4, 
and  727)  is  to  31  (the  difierenee  of  the  correspondent  ab- 
iciKses  0  and  31),  so  is  I  (the  subtangent  of  the  logarithmic 
of  the  Naperian  «yatein)  to  11-0527301  (the  subtangent  of 
the  logarithmic  of  the  evuporatioos). 

The  ei]uatioD  of  the  logaritlimic,  putting  x  for  the  ab- 
sciss, y  for  .the  ordinate,  and  S  for  the  subtangent.  is  Sdy 
z:  ydi.  If  <ve  sum  up  this  equation  ;  complete  the  inte- 
f^al,  remembering,  that  x=.o  gives  y  =  log.  (4*4);  and 
reduce  it  to  numbers,  putting  for  S  the  value  fonnd  above; 
Ke  t.hnll  ultimately  huve  the  equation 


1 1 019730 1 
y=  (4-4).  (3-7192813) 

In  which  equation  x  represents  the  degree  of  Mr.  De 
Luc's  thermometer  given,  and  y  the  corresponding  evapo- 
ration expressed  in  parts  af  ray  scale  of  lOUO  equal  parts. 
If  we  would  huve  the  evaporation  in  millimetres,  this  value 
may  be  multiplied  by  VjV.  <»f  the  number  0'6268B43 
Diay  be  substituted  in  the  equation  instead  of  the  coefficient 
4-4  •. 

From  the  nature  of  the  logarithmic,  if  we  suppose  dx  ftopertjr  Imd. 
constant,  we  uliull   huve  ilif  proportional  toy.-  whence  "f  j'JI"' f  [^ 
may  infer,  that,  ilie  incivments  of  heat  taking  place  by  in-  miure  od 

•  To  have  (he  e»»por4liOQ  in  Englifih  incliei,  thw  Tslue  ihouM  be 
ilioldHlbr  I7S-273,  lhenuinbe(ofpaiiiinilieietle»rMr.Flaugi.'TguHi 

Enslish  inch  ;  CI  0'0:^iem347i  sutMtiiacd  insiead  of 


C. 


finitely 
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finitely  small  and  equal  degrees,  the  corresponding  incre* 
ments  of  evaporation  are  proportionals  to  the  evaporation 
itftelf ;  a  singular  property,  and  which,  it  seems  to  me,  may 
lead  to  a  more  accurate  knowledge  of  the  nature  of  evapo- 
ration,  and  decide  between  the  two  celebrated  syntems  •f 
Leroy  and  Dalton,  which  at  present  divide  the  suffrages  of 
natural  philosophers. 


III. 

Method  of  ascertaining  the  Value  of  Growing  Timber  Trees 
at  different  and  distant  Periods  of  Time :  By  Mr.  Cuarleb 
Waistell»  of  High  Hoiborn\ 

SIR, 

Method  of  as.  CoNCElVING,  that  the  Tables  contained  in  the  on- 
ceruining  the  oexed  papers  will  afford  useful  information  to  growers  of 
ing"iimb«!**''"  timber,  and  tend  to  encourage  the  growth  of  it  in  these 
kingdoms,  and  hereby  promote  the  views  of  the  Society  of 
Arts  &Cm  I  trust  you  will  have  the  goodness  to  lay  them 
before  the  Society,  as  I  have  formed  them  with  great  at- 
tention. 

leaving  last  autumn  viewed  ^ome  plantations  made  under 
my  direction  about  thirty  years  ago,  I  found  the  value  of  one 
of  them  much  to  exceed  my  expectation.     1  became  there- 
fore desirous  to  devise  some  means  of  estimating  what  its 
value  might  probably  be  at  different  future  periods.     I  was 
thus  led  to  construct  the  first  of  these  tables,  and  on  the 
completion  of  this,  other  tables  seemed  necessary,  and  L  was 
,       ,    thus  progressively  led  on  to  the  construction  of  the  whole. 
*       For  this  purpose  I  searched  in  various  authors  for  the  mea* 
sure  of  trees,  in  girth  and  height,  ut  diflerent  nges,  and  ob« 
Gcfieral  in*      tained  similar  information  among  my  acquaintance.     Hence 
create  of  tree?  j  collected,  that  the  incAise  in  the  circumference  of  trees 
girth  is  gtfnerally  from  aboftt  one  fo  two   inches  annually,   and 

•  Trans,  of  the  ^.  of  Arts  ▼ol.  XXVI,  p.  45.    The  gold  medal  of 
theSsciety  w«s  votel  to  Mr.  WaUteil  for  this  communk-atioii. 

from 


rem  twelve  to  eighteen  inches  the  animal  increase  ia 
linghL.  Some  fall  m  little  short,  and  sooil-  exceed  tfa«w 
Rraisret. 

1  shnll  now  brieRy  notice  &  few  q(  the  Htl  vantages  to  be  Vie  oT  the  fiivt 
lerivei  from  the  first  Table.  •  "'''*• 

Ut.  The  fifBt  table  showa  every  fourth  year,  from  twelve  ite«  shnuld 
f^tn  olO  to  a  hundreil,  the  rules  percent  per  ■nnum  at  "°^  .^i^' 
rhidi  nil  trees  iiicreasei  whether  tbe;f  grow  fu»t  or  slow, 
trovidt'd  their  rate  of  growth  does  not  vury.  This  tabic 
Rsy  be  the  nirans  of  saving'youog  thriving  wooda  from 
feiiig  ciA  tlowt),  by  showing  bow  great  a  loss  U  sustained 
yr  iVUing  timber  premiiiurcly*. 

9d.  And  it  may  be  the  meiint  of  bringing  old  trees  to  ct  iiand  to* 
BBrV«t.  by  showing  ihe  Branllness  of  the  inlcreet  they  pay  '""S- 
or  the  money  they  ore  worth,  after  they  are  80  or    luu 

^«9l«  old. 

this  table  shows,  the  interest  which  ihey  pay,  only,  Ticn  ftanst 
fhile  the  tKKx  continue  growing  lit  their  usual  rale.     '"    »^If," '*  *'" 
IBM  they  fall  short  only  n  little  of  their  usual  increase   in 
^fa,   this   considerably  diminiehes  the  rate   per   cent    per 
IDOUID  of  their  increase.      And  trees  do  decreiue  in   thiir 
iW  of  gronth,  before  they  appciir  to  do  sof.     A  pule  Hnd  sigm  of  thii. 
Bo»sy  bark  are  certain  iudicalioua  of  it, 

A  wood,  neiLT  We«t  Wan),  in  Cumberluid,  or  mort  lliaa  3uu  , 

lem,  WM  frtUn;  in  ijga,  il  wbi  little  more  ihan  3i>  ynrt  eld.     Tbt 

cut  away    vilhuut  lc*iing  Bdj  la  •Ijnd."'   Set  .AIi'Icf'j  , 

Batimrr't  DiVfimiDrjr,  lail  tdilitn,  vndet  the  Hani  •/'  ff'mirfi. 

At  30  jrrwn  old  timber  peyi  10  prr  cditfA' sluailing,  and  probably 
ito  kuihI  miglit  have  jiaid?  per  cent  per  budiioi  on  oil  sTci-iigt:  fur 
le  BTKl  30  yt*tt. 

t  Id  Mr>  Prinfilc'i  Agricnltnral  Raport  for  Wcitmorclond  is  a  p»- 
■t  iif  the  Biihop  of  Lloni^ilTB,  »Utinp.  "  Thai  &  *«ry  flue  qalc, 
'8ST**>*  ITrowllii  measurrd  in  circumference  it  6  fcot  from  Ihe 
th«  ntL  of  Octulwr  lig^i,  luT  incbcii,  and  on  the  tome 
i;  of  the  Hme  muntb  in  17(|3  it  neuured  ini  inches."  He  tbvn 
im  ibe  inlrn-bl  il  pdiil  li>  Iw  only  aliuul  3  per  cent,  and  uys  tbia 
se  mu  a  ungiilarly  ibriWiig  oiic.  It  is  crident,  that,  villi  all  ibii 
ipcnanee  of  Ihriviog,  It  trit«  uii  the  dcQiinc.  For  if  vc  divide  |03, 
iocbe*  in  cireamfeKnee,  by  8S,  ita  Bgr,  wc  fiud  itn  svera^  annual 
3n*e  bid  been  I  inch  and  B  thir<l.  Il)  falliti);  uff  to  i  iorh  redoced 
r  rile  per  cent  uf  incrca^  oue  fonrlb- 
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3d.  The  first  Table  may  also  assist  the  valuer  of  sach 
tiaaber  as  is  not  to  be  cut  down,  bat  to  continue  growing, 
by  enabling  him  to  estimate  its  present  value  more  accu« 
^ately  than  is  usually  done,  especially  when  it  is  increasing 
after  a  high  rate  per  cent  per  annum*. 

fd  table.  The  2d  Table  shows  the  rate  per  cent  to  be  the  same  as 

in  the  first  Table,  though  the  annual  increase  is  more  both 
in  height  and  circumference. 

Sd  tabl«.  ^^^  "^^  Table  is  calculated  to  show  the  number  of  trees 

Distance  of  that  will  ^stand  on  an  acre  of  ground,  at  the  distance  of 
one  fifth  of  their  height,  (which  distance  is  recommended 
by  Mr.  Salmon,  in  a  paper  in  the  Society's  24th  volume,) 
and  the  number  of  feet  the  tree  will  contain,  both  those  to 
be  cut  out,  and  those  to  be  left  standing,  at  the  end  of 
every  four  years,  from  16  to  64  years  old,  supposing  they 
increase  12  inches  in  height  and  1  in  circumference  annu- 
ally. This  distance  may  suit  fir  trees,  but  willbe  too  near 
for  oaks. 

4ch  and  5th         The  4th  and  5th  Tables  show  the  same  particulars  when 

tables.  ^^^  trees  grow  at  greater  rates* 

Ctb  table.  'T^^^  6^ti  Table  is  calculated  to  show  the  same  particulars 

when  the  trees  are  constantly  thinned  out  every  four  years, 
so  as  to  leave  them  at  the  distance  of  one  fourth  of  their 
height.  According  to  this  table  there  will  be  48  trees  left 
on  an  acre  when  they  are  120  years  old;  and  it  seems  gene- 

'f  rally  agreed,  that  from  40  to  50  full  grown  oak  trees  are  a* 

^   many  as  have  sufiicient  room  to  stand  on  an  acre. 

7th  table.  The  7th  Table  shows  the  same  particulars  respecting  trees 

which  increase  15  inches  in  height  and  l|  inch  in  circumfe* 
rence  annually. 

•ih  table.  The   8tli  Table  shows  the  same  particulars  respecting 

trees  which  increase  18  inches  in  height,  and  2  inches  in 
circumference  annually. 

*  A  fu  wood  of  more  tlian  30  acres,  and  about  30  yearit  old,  was 
Intoly  valued  tu  be  sold  with  an  estate,  by  several  eminent  w(K>d  valuers, 
wi:hout  taking  into  consideration  its  rate  of  increase.  It  wa>  then  in- 
creasing after  the  rate  of  lO  per  cent  per  annum,  and  probably  would 
increase  after  ihc  rate  of  8  per  cent  on  an  average  for  the  next  tweaty 
)cars. 

The 
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Tiie  gih  Tabit!  ahows  \he  oame  particulars  as  Table  G,  till  9ih  ubie. 
the  trees  are  29  feet  hi};h,  tftertvhich  the  diitAice  is  in- 
creosed  froiH  oue  rourtli  to  one  third  of  their  height. 

The  loth,  nth,  and  l^lh  Tables  show  the  annual  increase  loih,  ilih,  j 
ill  boles  of  24,  33,  and  40  feet  long,  and  the  difference  of  '*'''  "''''=•■ 
their  increase  at  the  same  ages. 

To  these  tables  succeed  comparative  stBtements,  shoiving  Compirison  a 
the  number  of  feet  contained  in  holes  of  ditlVrenl  lengths,  ^"[""'j^" 
when  the  trees  are  6o  jears  old,  by  which  it  appears,  that, 
if  cut  down  at  that  age,  the  longest  boles  are  nut  the  most 
profitable  (o  the  growers  of  timber. 

And  I  have  added  the  valuatioii  of  the  plantations  before 
ftlluded  to,  with  remarks  on  them. 

Having  finished  my  introductory  remarks,    1  conclude, 
snd  am.  Sir, 

Your  very  humble  aervaut, 

CHARLES  WAlSTELL. 


Tables  respecting  the  Growth  of  Timber. 

Calculations,  showing  every  fourth  year,  from  12  to  100,  TiblMretpec*- 
the  progressive  annual  increase  in  the  growth   of  trees, '"g'''eg""»i'' 
and  gradual  decrease  in  the  rate  percent  per  annum,  that 
the  annual  increase  bears  to  the  whole  tree. 


The  whole  height  of  tha  trees  is  taken  to  the  top  of  the 
leading  shoot,  and  the  girt  in  the  middle;  but  no  accouut 
U  taken  of  the  lateral  branches. 

If  trees  increase  IS  inches  in  height  and  I  in  circumference 
annually,  their  increase  will  be  as  follows,  viz. 
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•  TABLE  I. 


S-S, 

2f. 

Cortent.- 

1? 

|*c 

u 

i-*l 

>-■< 

inrh 

n 

in 

13 

16 

17 

94 

^ 

'• 

f. 

11 

>i 

^ 

1 

11 

ab 

•1 

^ 

3? 

4* 

40 

SB 

61 

^:* 

60 

■h 

19 

5 

m 

"t 

31 

, 

0 

l> 

m 

Z 

I 

77 

S4 

in'. 

lu 

flS 

BB 

7^ 

f«l 

m 

lit 

V 

<KJ 

'17 

Wl 

ti 

la  Table  X  of  the  increase  of  a  bole  of  34  feet  in  height, 
of  ft  tree  growj^f^  at  the  above  mentioned  rate,  it  will  be 
observed,  that  the  contents  at  24;earsof  age  are  the  sanie, 
aud  at  Gi  years  nearly  the  tame  as  in  the  above  Table,  but 
the  content*  of  the  bole  at  all  the  intermediate  periods  ex- 
ceed the  above,*  Am]  .a  40  feet  bole  exceeds  the  above  con- 
tents frona  44  ytva  to  100,  as  mny  be  seen  in  Table  12, 
'  For  thete  reasons  chiefly  1  did  not  think  it  necessary  to  ttke 
into  consideration  the  decrease  in  height  that  takes  place  in 
trees  at  different  ages,  according  to  the  kind  of  tre«  and 
quality  of  the  soil. 

The  increaiie  p°r  cent  per  atiitum  is  the  same  as  the  above 
in  all  trees  at  the  fame  age,  whether  they  have  grown  faster 
or  slower,  provided  their  increase  in  height  and  thickness 
•ooually  has  not  varied  on  an  average.  The  progress  of 
trees  i>  roiuetimes  gioatly  relarded  by  iosects  destroying 

tlicir 
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Imvs.  by  u 
^eu«tnitio^  into  m 
itrr  iuto  cdlcuUt 


iiTuvouniblc  ifaBons,  and  by  their  roots 
ixioiie  stralik    fiut  Ihcve  acddeats  caiinot 


'■Iculuiioits,  ehowiiifr  every  fourth  year  from  H  to  64,  the  Tablet. 
progre»iv.- aiiiiiial  increase  iu  the  growtli  of  trees,  and 
(he  gradiiul  decrease  iti  the  rate  per  cent  per  annum  ^tat 
ilie  sntiual  increa&e  bears  to  the  whole  tree. 

TTm:  whole  hei^^ht  of  tlie  trees  is  taken  to  the  top  of  the 
mdiOg  «hoot,  and  the  girt  in  the  middle;  but  no  account 
I  taken  of  the  lateral  brunches.  , 

If  trees  increase  tii;hteeii  inches  in  height,  and  two  inches 
I  circumference,  annual  I  J',  their  increase  will  be  as  undcr- 
ifrntioned,  vi/. 

TABLE  It. 


it 


;;  li 


Explanalionqf  the  Conttruciton  of  TabU  I  and  II. 

To  tender  the  preceding  tables  easy  to  be  understood  by  ConxiHcUm 
rnons  not  accustomed  to  ea'culations,  \  will  state  ific  uru.  of'"''  "  I  iM 
«  of  the  operations  in  llie  lirst  line  of  Table  II. 

The  heightof  the  tree  at  I3  years  of  age  is  Guppobcd  to 
:  IB  feet  to  the  top  of  its  leadiug  shoot,  and  24  inch«a  in 


'  txpliUned. 
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circumference  at  the  groun<l<  consequently,  at  hiilf  tljc 
height,  thecircumfereLice  is  12  inchifs.  One  Toitrth  or  this, 
being  3  iiH'hes,  is  cnlled  ttie  girth.  The  girth  being  scjuared, 
and  multiplici)  into  ihe  height,  gives  one  Toot  one  inch  aad 
six  part*  for  its  (contents.  At  13  years  old  the  tree  will  be 
19j  feet  high,  26  iuchea  in  circumference  at  the  ground, 
and  13  iuches  at  half  the  height;  one  fourth  of  13  gives 
af  inches  for  the  girtli.  This  squared  and  muUiplied  into 
the  height,  give  one  foot  five  inches  and  one  part  for  the 
contents,  Deiluct  from  this  the  contents  of  the  tree  at  13 
ymra  of  age,  and  there  remain  three  inches  and  seven  pans, 
.  which  is  the  increase  in  the  13th  year.  Then  reduce  the 
contents  of  the  tree  when  la  years  old,  and  the  increa-'^e  in 
the  13th  year,  each  into  parts,  dividing  the  former  by  the 
latter,  and  the  quolient  wilt  be  3"76j  by  this  number  di- 
vide 100,  and  the  quotient  is  26'5.  which  is  the  rate  per 
cent  of  increaiie  made  in  the  thirteenth  year.  Cuiiseqtieutly 
nhatever  the  tree  might  be  worth  when  12  years  old,  it  will, 
at  the  end  of  the  13th  year,  be  improved  in  value  iifter  the 
rate  of  20/.  I0«.  per  cent,  or  tn  other  words,  that  will  be  the 
interest  it  will  have  paid  ihiit  year  for  the  money  the  tree 
was  worth  tlie  preceding  year. 

At  every  succeeding  period,  both  in  this  Table  and  Ta- 
ble 1,  the  like  proces»  is  gone  through. 

Obienalions  on  Tables  I  and  II. 
™i  oh.         The  preceding  tablei  furnish  us  wiih  the  following  useful 

■abl^.  1st.  That  all  rt-gular  growing  trees,  measured  ae  above, 

as  often  as  their  age  is  increased  one  fourth,  contain  very 
nearly  double  their  quantity  of  timber. 

end.  That  when  n  tree  has  douuled  its  age,  its  content! 
(til!  be  eight-fold. 

3d.  That  when  a  tree  has  doubled  its  aye,  the  annual 
grun  th  will  be  increased  four-fold. 

4th.  Consequently,  that  when  a  tree  has  doubled  its  age, 
the  proportion  that  its  annual  increase  bears  to  the  contenti 
of  the  whole  tree  is  tlieu  diminished  one  half. 

This 
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This  Wt  observation  explains  how  it  comes  to  puss,  that 
tree,  wlien  its  age  is  doubled,  the  rote  per  cent  per  annum 
«t  its  i nc reuse  tht? II  bears  to  ihc  couteuta  of  the  whole  tree, 
idiininiitlied  one  half. 

,  It  may  not  be  unusefiil  to  obiervc,  that  the  rate  percent 
F  increase  in  the  last  (.olumos,  is  the  same  as  the  rate  per 
I  that  the  increase  of  the  tree  that  year  will  pay  for  the 
ney  it  was  worth  the  preceding  year.  , 
In  the  two  preceding  tublea,  we  find  that  the  rate  of  in-" 
'e«se  per  cent  per  auQimi  is  th 
^,  although  the  quantity  of  timber  ii 
UK  limes  as  much  as  in  the  first  table 
ter«forc,  when  the  uge  of  a  tree  is  ki 
•Nt  per  unnum  of  its  increase  is  known  oi 
ibles,  whether  the  tree  has  grown  fust  o 
te  growth  of  the  tree  has  been  regular,  and  that  it  ha« 
mliiiiii'd  its  usual  growth. 

And  having  the  age,  girth,  and  height  of  any  tree  given, 
:   can   readily  calculate   what  quantity  of  tiniber  it  will 
pOBtain  at  any  futurv  penod,  while  it  c 
nic  of  growth. 

^To  be  eonlinueii.J 


1  both  at  the  eame 
>nd  table 

n  trees  of  all  agea; 
rn,  the  rale  per 
I  inspecting  these 
r  slow;  provided 
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IDbtenaliotis  on  Polaih  and  Soda  prepared  wilA  Alcohol:  hif 
Mr.  d'AncsT.     Rtadtotht  insliluie  the  lilh  of  January, 


Wh 


'  HEN  chemistry,  cmployinf;  new  methods  of  aiialysia, 
enriching  its«ir  with  important  fuels;  when  England  an- 
pounces  the  decompasition  of  potash  and  soda,  and  the 
fcbemists  of  France  are  busied  in  confirming  this  grand  dis- 
jBowry;  I  conceive  it  incumbent  on  me  to  cummunicute  the 
Result*  of  vurinus  experiments,  which  may  probably  throw 
flome  light  on  the  path  newly  opened. 


•  Annslei 


irCUin 


I.LXViri,   p.  175. 
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Importance  of  I  present  only  facts  that  still  require  verification;  but 
tothefizMl^  they  appear  to  me  of  the  greater  importance,  as  they  relate 
allnlis.  to  those  alkalis,  the  decomposition  of  which  has  been  an- 

nounced; and  are  naturally  applicable  to  the  analysis  of 
.•  saline  substances,  au  important  branch  of  science,  since 
almost  all  analytical  processes  ultimately  produce  them»  and 
then  conclusions  are  formed  from  the  knowledge 'we  ha?e  of 
the  proportions  of  their  elements. 
Method  of  Seeking  some  montiis  ago  an  ea«y  and  speedy  method  of 

j^^^jj^.  ascertaining  the  quantity  of  pure  or  carbonated  alkali  con- 
kmli  in  the  im*  tained  in  the  different  sorts  of  potash  and  soda  found  in  the 
pure  sorts  of     gljQp,^  J  compared   the  various  processes  that  have   been 
made  public;  and  soon  perceived  the  advantage  of  those,  in 
which 'acids  are  employed  to   determine  the  quantity  of 
alkali,  and  this  quantity  is  found  from  the  weight  of  acid 
required  to  neutralize  the  mixture. 
Salphorie  acid      Various  considerations,  which  it  is  unnecessary  to  men- 
preferred,         iion^  led  uie  to  prefer  tlie  sulphuric  acid,  as  proposed  by 
Mr.  Descroizilles.     I  carefully  examined  his  method,  and, 
fully  satisfied  of  its  goodness,  made  the  following  experi- 
Theauthor*8    ments.     I  must  observe,  they  were  all  made  with  at  least 
J^j^^^P™  20  gr.  [309  gr^]  ;  but  most  of  them  with  100  gr.  [1544  grs]  ; 
and  that  each  result   is  tl)e   mean   of  four   experiments, 
which  frequently  difleredonly  in  the  second  decimal  figure. 
I  began  by  thoroughly  purifying  a  few  kilogrammes  of  sub- 
carbonate  of  soda.     After  having  separated  by  succes^iive 
crystallizations  the  small  quantity  of  muriate  and  sulphate 
of  soda  it  contained,  I  reduced  the  crystals  to  coarse  pow- 
der, and  left  them  exposed  to  a  temperature  of  1^2**  or  14* 
[54*  or  57"  1^.].  till  they  were  thoroughly  dry.     I  then  took 
some  sulphuric  acid,  carefully  distilled,  and  very  pure,  the 
specific  gravity  of  which  was  to  that  of  water  as  1*844  to  1 : 
I  reduced  its  spccitic  gravity  to  V0G6  by  diluting  it  with  9 
parts  of  distilled  water:  and  this  acid,  thus  diluted,  I  em- 
ployed in  the  course  of  my  experiments.     I  need  not  say, 
that,    un    dividing   its   weight  by  ten,    t])e  corresponding 
quantity  of  concentrated  acid  is  found,  which,  expressed  in 
numLeri,  would  represent  the  strength  of  the  alkali  employ- 
ed to  Miturate  it. 
ApaIjbIs  of  Tht'se  preliminaries  being  settled,  the  analysis  of  the  sub- 

carbonate> 


tcqxl™ 
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rboimte,  which  I  hud  prepared,  was  conducted  tvUti  »11  »ubc»iboiwM 
akible  cute,  vuried    in  Mvcral  waj»,  and  uniformly 
anccd  its  compo»ition  to  be 

Wiiter 63.61 

.     Carbonic  dcid 1604 

SoiIh     30-35 

100. 

Conbiilcring  myaelFcetlain  of  the  uccuracy  of  thete  re- 

jiid  having  paid  to  much  ihe  mure  attention  to  the 

«ii(>rriijieDts  that  furniBhed  them,  because  they  were  to  serve 

■  M  standard  to  the  rest,  I  thought  I  might  take  thi«  ana- 

^MB  ■•  B  settled  point,  and  then  proceeded  to  the  folloning 

sperimentB, 

T»kin)(  ihe  usual  precautions,  I  ttret  neutralized  100  gr.  Qnnntitf  of 
£|S44  grk]  o.'  the  subcsrbonate  of  Boda  aboreraeDtioDed. ' 
Repeating  this  experiment  several  times,  the  mean  term  of  u 
the  results  was  347,  expres»iu|^  the  quantity  of  diluted  acid 
ivquired  for  the  saturation,  and  repreBenting  34'7  grammes 
•f  roneenlrated  acid. 

That  I  found  myself  authorised  to  conclude,  that  the 
efoplayinent  of  34*7  gmaimes  of  conceniruted  sulphuric 

id,  similar  to  that  of  which  I  have  given  the  specitic 
gnvily  above,  would  always  repreBCut,  at  the  same  tem- 
|wratare,  in  a  solution  of  soda  brought  by  this  acid  to  the 
aeillrul  state,  100  grammc:i  of  sabcarbonate  of  soda  similar 
to  that  I  had  analysed;  or,  which  is  the  same  thiug,  36-39 
•f  dry  subcarbonate,  or  30*35  of  pure  soda. 

1  then  repeated  the  name  experimeuls,  substituting,  iu- i^odi  putiBsd 
««ad  of  the  subcarbonate  of  soda,  caustic  soda  prepared  "''*'  *'?''"'L 
vilh  alcohol,  hitherto  considered  as  pure  soda,  and  the  real  th*  iubs  uid. 
.  standard  uf  this  alkali :  but  I  was  surprised  at  the  results  [ 
obtained)  and  the  conclusions  T  was  cotopelled  to  draw  ap* 

sred  to  me  so  contrary  to  the  received  opioiooB,  that  I 

niurd  nothing,  to  remove  every  sort  of  doubt.  Accord- 
bigl}'  I  laade  a  number  of  experiments,  and  obtained  the 
'following  results, 

Fir»t  1  examined  four  different  specimena  of  soda  pre- 
pared with  alcohol,  and  simply  fated  in  a  silrer  capsule: 

Vol.  XXVII— Sspt.  I8l».  D  none 


none  of  the^  specimcpi  were  perfedlf  pure ;  all  of  thcq^ 
mdicatiDg  tligbt  traces  of  iruriatic  acid,  and  a  greater  or 
lesa  proportion  of  carbonicvacid,  easily  detected  by  barytie 
salts,  barytes  water,  Kqie  water,  &c.,  but  too  little  for  a 
solution  not  very  strong  to  efienresce  on  the  addition  of  the 
acid.  On  neutralizing  90  gr,  [d09  grs]  of  esch  of  these 
specimens,  I  found,  that  100  parts  of 

Proportions         N*  1  had  absorbed  110*9  of  concentrated  sulphurie  acid. 

required-  -^^^ Il6"7< 

3 ••111-5 

4 119*« 

0 

This  would  indicate,  taking  the  mean  of  the  results,  that 
100  parts  of  caustic  soda  required  only  112*66s  of  ooocen- 
trated  sulphuric  acid  for  their  neutralization. 
The  export-         Apprehending,  that  the  specimens  of  soda  employed, 
Bcu  I  repea  •  uQtwithstanding  they  had  been  in  fusion,  might  contain 
more  or  less  water,  I  repeated  these  experiments  on  similar 
portions  of  soda,  which  had  been  fused  separf^tely  in  a  silver 
crucible,  and  kept  in  this  state  at  ^  red  heat  for  twenty 
minutes :  but  the  proportions  obtained  differed  so  little  from 
those  above  given*  that  it  is  undecessary  to  insert  them* 
Soda  thus  pre-     Qn  comparing  these  results  with  those  before  obtained, 
not  teal  alkali,  ^^  must  conclude,  that,  if  20*35  of  pure  ^oda,  in  the  sub* 
carbonate  analysed,  required  34*7  of  concentrated  acid  to 
saturate  them,  100  would  take  170*515  :  but  we  have  just 
seen,  that  113*662  of  this  acid  were  sofRcient  to  neutralize 
100  of  the  caustic  soda  prepared  with  alcohol;  whence  it 
follows,  that  this  soda  was  not  pure,  which  ib  probable;  or 
that  the  analysis  of  the  subcarbonate  was  erroneous,  a  sup- 
position that  I  conceive  inadmissible,  from  the  various  trials 
made. 
Kxperimenu       Notwithstanding  I  was  satisfied,  that  the  four  specimens 
repstted  viUi  ^f  ^^  prepared  with  alcohol  contained  too  small  a  portion 
of  any  known  foreign  matter,  to  occasion  so  great  a  dif» 
forence  between  th^  results  obtained*  I  thought  it  proper  to 
repeat  the  same  experiments  with  pure  soda  prepared  in  a 
different  way. 
pvrf&ed  with       I  took  a  kilogratnme  [3.H  uz  avoirdj  of  perfectly  pure 
sl^hTf'''"^    crystallized  sulphate  of  soda  ;  decomp^ied  it  by  mea»s  of 

faarytes» 
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faerrtes,  taking  care  to  use  a  little  excess;  filtered;  tnd 
cvapareted  quicklj  to  dryness.  Half  of  the  residuum  wai 
put  into  alcohol,  and  treated  at.  Dsnal.  The  other  half  was 
diatolved  in  baryies  water.  The  liquor,  contsiniDg  but  a 
klight  excess  of  b^ryteij,  was  filtered,  tpeedily  eTaporated, 
and  fused  iu  a  siUcr  cruciblt:  at  a  cherry  red  heat,  as  the 
portion  prepared  vith  alcohol  had  been. 

Of  these  two  specimens,  100  parts  of  that  prepared  with  The  '»tt«f 
•Icohol  required  llfl-fi  of  concent ruted  acid  for  their  satura-  nioincid, 
tioo :  and  100  of  the  other  took  133''!  of  acid.  These  re- 
tails confirm  the  preceding;  and  appear  to  demonstrate, 
tliut  the  aoda  prepared  with  alcohol  contains  only  O-yi  or 
0-7  j  of  such  alkali,  as  in  the  subcjrbonate  aud  sulphate  of 
■oda  is  Deutruliied  by  carbonic  and  iJulphuHcacid. 

Similar  experiments  repeated  in  the  same  way,  substitnt-  Slmilir  trbli 
ing  for  the  sod«  laustJc  potash  prepared  with  alcohol,  and  "'^^  '^^""i',i 
tar  the  carhondti:  and  sulphate  of  soda  the  corresponding  tauits. 
Baits  with  base  of  potash,  afibrded  analogous  results;  and 
Authorize  me  to  conclude,  that  potash  prepared  with  alcohol, 
far  fVom  being  pure  potash,  contains  only  0*72  or  0'73  of 
r«al  alkali. 

If  these  experiments  be  accurate,  it  follows,  that  potash  TheM fiitit  i» 
kadioda  prepared  with  alcohol  cannot  be  employed  to  ascer-  ^2n%  wmI 
taiti  by  synthesia  the  proportions  of  the  cunstitueot  princi-  «n»lr'«. 
pies  of  saline  subbtance*,  that  have  these  alkalis  for  their 
base.     This  is  an  important  corollary,  since  it  requires  a  re- 
viiion  of  many  experiments  founded  on  this  principle,  iu 
srder  to  correct  their  results ;  or  at  least  to  confirm  the  al- 
tetvtioui,  that  so  great  a  difference  in  the  principal  datum 
nusi  occasion. 

Among  the  examples  I  might  add  uce,  I  shall  select  such  In^«aa<i«  In 
•s  appear  to  me  best   fitted  to  eslnblish  the  trnth  of  'his  ,n'"y''^o'f  jlfc 
position.     Id  the  year  10  Mr.  Vauquelin  puhlished  ui.  im-  f<rcn>  lorisar 
portant  essay  on  the  analysis  of  didereiit  kinds  uf  potash,  ^'"''> 
•nd  on  the   means  of  readily  asccrtaniing  the  quantity  of 
purtt  alkali  in  them.     In  this  paper,  which  has  already  beett 
■o  lerviceable  to  the  arts,  both  by  its  iiumediuie  application, 
WkI  by  giving  birth  to  the  researches  of  Mr.  Descrniaillee, 
the  author,  alter  having  ascertained  the  quantity  of  iiitric 
ilcid  of  a  known  density  necessary  to  neotraliie  a  giveo 
D  2  quantity 
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quantity  of  potash  purified  by  ineuM  of  alcohol.  oflVrs  tliii 
result  Hs  a  term  of  comporison,  and  u  a  atundard  of  tb« 
greatest  possible  purity  of  potuh.     Thia  however  would 
give  a  «ery  erroutous  computation  of  the  <]iiBiitity  of  real 
alkali,  Hi  it  appears,  that  the  {lotabh  laketi  as  a  standard 
conttiiu*  ouly  0*73  of  its  weight  of  pure  potash. 
.       It  lit  mort:  eapecially  in  determtuing  the  pi'D|ioriion  of  the 
contlitueot  principles  of  salts,  that  this  source 
to  be  carefully  avoided  ;  for  we  know  how  important  a  good 
wlution  of  this  problem  would  be,  and  bow  great  the  diffi- 
culties are,  that  have  bilhcrlo  prevented  our  attaining  it. 
erlhot1et,iD  his  inquiries  into  the  taws  of  affinity,  ap- 
plying new  methods  of  experimenting  to  this  question,  ex- 
amined those  employed  by  Kicbter  end  Kirwan  iu  iheir 
labours  on  the  same  subject.     He  found,  that  Kirwan,  be- 
side the  number  of  estimations  he  wav  obliged  to  make,  had 
set  out  with  a  principle  of  too  little  accuracy ;  and  to  this  he 
ascribed  much  of  the  uncertainty  of  the  results  this  chemiet 
K.irwin*>  uM   obtained.     Yet  Kirwan,  by  employing  solutions  of  subcar- 
of  ihn  lubcu-  bonate  of  potash  and  of  soda,  to  ascertain  the  proportions  of 
•bjMiionabl*.  '^^  ""'^  """'  ^'^"^  these  alkalis  for  their  base,  had  only  to 
apprehend  the  slight  errour  inseparable  from  every  auch 
analysis:  and  if  the  determination  of  the  quantities  of  acid 
employed  to  saturate  these  carbonates  had  been  founded  on 
more  certain  data,  the  results  of  his  experimfott  would  have 
been  much  nearer  the  truth. 
KerthotUt  em-      Mr,  Berthollet  took  a  moreditect  method,  and  the  nature 

plofHi  [lie       of  the  muriatic  acid  he  employed,  bcintr  better  ascertuined, 
muriatic  scid  r     j      '  o  » 

»nit  pore  ill-      would  have  led  hini  to  accorate  results,  if  the  quantity  of 
lulii,  water,  whith  the  muriatic  acid  gas  probably  retains,  could 

have  been  determiiied ;  and  if  he  hud  taken,  like  Kirwan, 
the  alkaline  carbonates  hi  the  ba?is  of  his  labours. 

It  appears  to  me,  that  the  preference  given  To  potash  and 
soda  prepared  with  alcohol  hits  introduced  into  these  delicate 
txperiments  a  source  of  errour,  which  is  hO  nuicli  the  greater 
ai  it  applies  to  the  substances  thdt  predominate  in  the  com- 
pounds, the  proportions  of  whiih  were  to  be  ascertained. 
Mr. Berthollet  establishes  it  as  a  principle,  that  100  parts  of 
potash  prepared  with  alcohol,  and  kept  in  fusion  for  a 
quarter  of  an  hour,  require  til-5  of  muriatic  acid  to  nea- 
traliie 


^^^m 


on   TBK   PCBITY   OF  TflS    FIXBD   ll^il.lS. 

ilize  Uien ;  and  (hat 
IliBie  manner,  take  «i 
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^^Balize  Uien  ;  and  (hat  100  part*  of  soda,  prepared  in  the 
^niiBie  manner,  take  eg.  From  the  result*  of  the  «xpfri- 
VnFnU  above  ^ven  lioivever,  ne  must  infer,  (hut  en  of 
I  tnuriatic  acid  are  required,  to  saturate  100  parts  of  potash; 
and  I  io-5  of  the  aame  ucid,  to  neutrelize  100  ol  pure  sodii : 
whenct;  it  follows,  that,  (he  strengths  of  these  alk»lii  being 
represented  by  other  numbers,  when  they  are  comp«^«^d 
'  with  thote  of  base*,  the  nature  of  which  is  fully  axcertaiued, 
they  must  give  different  proportion*  from  thoM:  mentioiied 
io  the  work  of  Mr.  Berthollet. 

The  rapacities  of  qturation  of  the  carbonates,  Iwing  as>  but  ihe  rar- 
Krlaitied  by  anulyhis,  are  liable  only  to  liitlo  variation ;  and  fj^^i^'  *"" 
ben  the  degree  of  energy  of  the  muriatic  acid  approachi-s 
Marer  to  that  of  the  carbonic  acid,  which  has  some  influence 
la  the  remits  deduced  from  a  compurisou  of  them. 
The  tame  reasoning  applies  to  experiineots  made  on  ibe  fiher  neuti; 
Milphates,  nitrates,  and   pliosphaTeR,  with  potash  or  soHa 
lor  their  base;  but  1  shnll  confine  mysplf  to  a  tew  obserra- 
tiens  on  ihe  experiments,  which  Mr,  Berthollel  has   pub- 
K*hed  in  chap,  IB  of  the  work  I  have  mentioned.     To  find  BerihsUct'i 
lequantity  of  water  murialii:  acid  gas  can  retain,  Mr,  Ber- ^j'J^™,!^ 
ihollet  neutralized  100  parts  of  potash  prepared  with  aico-  gm  !■'  »uer 
,V1.  ■«"'  kept  some  time  in  fusion.     The  muriale  obtained  ''"f'^'i"- 
carefully   dried,  and   wei-^hf^ 
161-5,  which  ought  to  hnve  been 
this  differcDce,  which   is  in  some 
Faler  contained  Iq  the  murialic  aci( 
■art  to  the  water,  or  foreiiju   matti 
||be  ^olush  employeil  ?   And  may  we  not  thut 
great  differences,  that  exist  between  the 


l6-6,  instead  of 
ght.  Ought  not 
re  owinfT  to  the 
a  be  attributed  in 
=h  forms  0'27  of 
,nt  for  the 
iberti  represent- 


mnrlale  of  potash  in  the  experi- 
I,  and  Richter?  At  least  we  are 
0,  from  the  facts  I  have  given 


tog  the  component  pnrtu  < 
mentB  of  Berthollet,  Kirr 
Batnraliy  led  to  presume  i 

I  regret  the  not  hating  been  able  to  ascertain  the  nature  The  addiiion 
ofthe  fordgn  matter,  which  is  always  found  combined  with  '",^*J"^'['^'" 

and  potash  prepared  by  meau^  of  ulcohoj.     [  cunnot  waicr,  bat 
yentare  therefore  to  assert  ouy  thing  uu  the  subject;   (,u|  J 'h^»noi»x:««^ 
Irclieve,  that  water  acts  a  considerable   pari   in  these  ph«^ 
:  and  I  coutd  have  wished  to  have  had  time  to  ex- 
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tminte  tfie  firoduets,  which  the  two  alkdit  thus  preptrfld^ 
0ad  etposed  to  Tarioos  degfeet  of  hett  in  contAct  with 
different  inflammable  snbstances  well  dried,  woold  bare 
affoided.'^ 


Snb  B^kerUm  Lecture  Jbr  180g.  On  eome  new  Ekdroche* 
puctd  Reeearekes,  on  vmoui  ObjeeU^  pariieulaflg  the  me^ 
tulBe  fiodUSf  from  the  AlkaHSf  end  Earths^  isnd  on  som^ 
ConMnatunu  of  HUhrogen*  Bf  Humphrj  "Datt,  Esq. 
See*  R*  S*  F»  R*  S»  £•  M,  R*  7.  A. 

fConHnuedfrom  9ol  XXFI,  p.  389*^ 

III*  Experimenis  on  Niirofen,  Ammonia^  and  thf  Awuilgwe^ 

'  from  Ammotuom  . 

!••      V/N£  of  the  queriet  that  I  advanced,  in  attempting  to 

%liifftii%  nicie-  reason  upon  the  aingalar  phenomena  produced  by  the 

ju^tion  of  potaisium  upon  ammonia  was,  tbat  nitro]|[en  might 

jpoasibly  consist  of  oxigen  and  hidrpgen,  or  that  it  might  b^ 

composed  from  water. 

I  shall  have  to  detail  in  this  section  a  great  number  of 
laborious  experiments,  and  minute  and  tedious  processes, 
made  with  the  hopes  of  solving  "this  problem.  My  results 
have  been  for  the  most  part  negative;  but  I  shall  venture  to 
state  them  fully,  because  IJiope  they  will  tend  to  elucidate 
tome  points  of  discussion,  and  may  prevent  other  chemists 
from  pursuing  the  same  path  of  inquiry,  and  which  at  first 
view  do  not  appear  unpromising* 
FomtHoii  of  That  formation  of  nitrogen  has  been  often  asserted  to 
w^oiT'Dfo-  ^^®  place  in  many  processes,  in  which  none  of  its  known 
emoe*  conlbinations  were  concerned.    It  is  not  necessary  to  enter 

*  Mr.  Gay*Lu8iac,  in  his  rtport  of  this  paper  to  Um  Institute,  tib* 
.served,  that  Mr.  Rerthoiiet,  In  some  experiments  which  at  that  time  be 
.had  communicated  only  io  a  few  friends,  had  alrei^y  foimd,  that  potash 
prepared  with  alcohol  eontalned  at  least  0^13  of  water,  after  being  eip* 
peted  to  a  red  heat. 

into 
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into  the  di«cas«ion  of  the  ideas  entertRined  by  the  Gertnan  coly  (s^ncd. 
chemislB  on  the  origin  of  nitroj^n,  prixluced  during  the 
p«RS>^  of  wiiter  through  redhot  tubes,  or  the  tpecalations 
or  Girlunner,  founde<l  on  theie  and  oiher  erroneous  duta; 
the  e«r!y  discovery  of  PneBtley  on  the  paisBge  of  gawcs 
through  redhot  tubes  of  earthen  ware,  the  accurate  re- 
•otrches  of  Berthollet,  and  the  esperinents  of  Boiiillon 
Lagrange,  ha*e  afforded  a  complete  tolution  of  thii  pro- 
Men). 

One  of  the  most  itriktng  coses,  in    which  nitrogen   has  Niitogrn  fap- 
been  supposed  to  appear  without  the  presence  of  any  other  P""*^  '"j? "^ 
natter  but  water,  which  can  be  conceived  to   supply  its  «,m]H4than 
eleoitmtt,  is  in  the  decomposition  and  reco  in  position  of  wa-  '"^  Tecompo- 
ter  by  electricity*.     To  ascertain  if  nitrogen  could  be  ge-  bteletuitiij 
Derated  in  this  manner,  1  had  an  apparatus  made,  by  which  E>:peiinwnt 
o  quantity  of  water  could  be  acted  upon  by  Voltaic  eleo  ,2'J'"*"  " 
tricity,  so  as  to  produce  oxigen  and  hidrogen  with  great 
rapidity,  and  in  which  these   ga^e«  could   be  detonated, 
nithout  the  exposure  of  the  water  to  the  atmosphere;  no 
that  this  fluid  was  in  contuct  with  platina,  mercury,  and 
gla»*  only ;  and  the  wires  for  completing  the  Voltaic  and 
common  electrical  circuit  were  hermetically  inserted  into 
the  lube.     500  double  plates  of  the  Voltaic  combination 
wer«  used,  in  such  activity  that  about  the  eighth  of  a  cubi- 
cal inch  of  the  mixed  gusset,  upon  an   average,   was  pro- 
duced from  20  to  30  times  in  every  day.     The  water  used 
in  this  experiment  was  about  hdlf  a  cubic  inch  :  it  had  been 
Cftreratly  purged  of  air  by  theelrpump  and  by  boiling,  and 
liad  been  introiluced  into  the  tube,  and  secured  from  the 
inBuence  of  the  atmosphere  while  warm.     After  the  first 
detonation   uf  the  oxigen  and  hidrogen,   which   together 
equalled  about  the  eighth  of  a   cubical  inch,   there  nas  ■  ■ 

^enduDm  of  uboot  ,',  of  the  volume  of  the  gasses;  after 
e»ery  detonation  thia  residuum  was  found  to  increase;  aud 
wben  about  oU  dciouaiiuns  had  been  made,  it  equalled 
rather  more  tlwn  i  of  the  volume  of  the  water,  i.  e.  f  of  a 
CulHcal  iuch.     It  was  examined  by  the  test  of  nitrons  gas; 

■  Se«  Or.  Peinan'i  dsboratc  nperimeois  on  the  decompoiition  of 
^■leil>y  rltCUICil  esplgsioot.    HuLmliua'i  Jeutnal,  4to,Tol,  I,  p.  301. 
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in  probibljr 


It  contained  no  oxigvn;  6  meuuTM  mixed  with  3  tncaiiirei 
of  osigen  diminUhed  to  5;  m  that  it  cooiitted  oT  2-6  of 
hidrogea,  apd  3-4  of  a  gat,  having  the  chatactem  of  air 
trog«n. 

Thi*  ncperimeat  teenaed  in  fevoitrof  the  ides  of  the  pror 
duction  of  nitrogen  from  pure  water  in  these  electrical  pro- 
ceiMs:  but  though  the  platJya  wires  were  hermetically 
aealed  into  the  tube,  it  occurred  to  me  a^  posBiblevthal,  at 
the  moment  of  the  explosion  by  the  electriral  diicbai^^ 
the  sudden  expansions  and  contractions  might  occasion 
■ome  momentary  communication  with  the  external  air 
through  the  aperture;  and  I  resolved  to  make  the  experir 
mentain  a  method,  by  which  the  atmosphere  vi^»  entirely 
excluded.  This  was  eauily  dojie  by  plunging  ihe  whole  of 
the  apparatus,  except  the  upper  parts  of  the  conmiuniuatinj'  . 
wires,  under  oil,  and  carrying  on  the  proceen  as  before.  In 
thia experiment  the  residuum  did  not  Beem  to  increase  quite 
lefattBS  in  the  preceding  one.  It  wns  carried  on  for  nearly 
two  months.  After  340  explosions,  the  per man<?nt  gas  equal- 
led 7^  of  a  cubical  inch.  It  wna  carefully  examined ;  aix 
neuarei  of  it  detonated  with  three  meaBureBof  oxigen,  dimi- 
nished to  rather  less  thdn  I  measure.  A  result  which  seems 
to  show,  that  nitrogen  is  not  formed  during  the  electrical 
decenapotition  aod  recompwitioii  of  niilcr,  and  tlial  the 
That  the  hjdrogen  is  in  excess 
I  slight  oxidation  of  the  [ilalina. 
alined  experiments  of  Mr.  Cavendish  oi)  the  defla-  • 
ixtures  of  oxigen,  hidrogen,  and  nitiogen,  lead 


reaidaal  gas  is  hidr^^c 
may  be  easilv  refert.-d 

:.      The , 

.gralio 


.   directly  to  the  conctus 
generated  in  experii 
its  origin  to  nitro^c 


,  that  the  nitrous  a 
:  on  Ihe  production  of  water,  owes- 
ised  with  the  oxigen  and  liidrogen, 
r  produced   from   those  two  gasses  alone,     lii 
the  Bakerian  lecture  for  1806,   I  have  Mated   ceveral  factsj 
which  seemed  10  show,  that  the  nitrous  acid,  which  appear! 
processes  of  the  Voltaic  electrization  of  water,  can- 
not be  formed  unless  nitrogen  be  present. 

Though    in    the»c    experiments  I  endeavoured    to    guard 
»ith  great  core  against  all  caust-s  of  uilL.iake,  and  though 
B  I  do  not  well  see  how  I  could  fall  into  an  enour,  yet  1  fiud, 
lii"t  the  assertion,  that  both  aiids  and  alkalis  may  be  pro- 
duced 
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Sluctd  itttm  piiK  wnlci',  Una  again  been  repeated*.  Ths 
uergy  with  which  the  large  Voltaic  appuraiue,  retently 
P0n«lrDCt(H]  in  the  Roynl  Inatitutioa,  act*  upon  water,  en* 
■bled  tne  to  put  this  tguestion  to  a  more  decided  test,  than 
wiu before  in  my  power.  I  had  rormerly  found  in  nnexperi- 
pirnt,  in  which  pure  water  was  electrified  in  two  gold  cont* 
Q  hidrogen  gns  that  no  nilroua  acid  or  atkali  was  I'ormrd. 
It  might  be  said,  tbut  in  this  case  the  presence  of  hldrogeu 
BlMolved  in  water  would  prerent  nitrons  acid  from  appear- 
I  therefore  made  two  serits  of  experiments,  one  in  a 
pr  filled  with  oxigen  gas,  and  the  other  in  an  appurutai, 
in  which  gitiss,  water,  mercury,  und  wires  of  pletina  only, 
WCTB  prfsent. 

Ill  (he  first  lerie*  1000  double  plates  were  used,  the  two  ],,  ,tr^mrt 
coties  were  of  platina,  and  contained  about  ■^,  of  a  ciibic«l  expsiinieBii. 
inch  ca,ch,  und  ^Umentn  of  asbeetus  were  employed,  ti> 
jeoanect  them  tngethtr.  In  these  trials,  when  the  buiifrie* 
iwere  in  full  action,  the  heat  was  so  great,  ood  the  gai^ses 
ipere  disengaged  with  so  ranch  rapidity,  that  mote  than 
half  the  water  wa»  lost  in  the  course  of  a  few  mixules. 
By  nsing  a  weaker  charge,  the  process  w:ls  carried  on  for 

i  in  Bome^sea.  for  two  or  lliree  day*.     liiNojcid  „  ■!. 
no  instance,  in  which  slowly  distilled  water  waa  employed,  ''*''  'pfMr"!, 

H  which  the  receiver  was  filled  with  pure  oxigen,  from 
oximuriate  of  pola&h,  was  atiy  acid  or  elknli  exhibited  in 
th«  cones:  even  when  nitrogen  was  present,  the  indications  exMptwhen      • 
«r  the  production  of  acid  and  alkuline  matter  were  very  n'lrDemi'i 
ftreble;  though  if  the  ash^stus  was  touched  with  unwashed  f^d^Jo"' 
hands,  or  the  smallest  particle  of  ueutrosaline  matter  in-  touched  wiii 
troduced,  there  was  an  immediate  reparation  of  aeid  and  1!"*^'""' 
•Ikali,  at  the  points  of  contact  of  theasbwtus  with  the  pla- 
tina, which  could  be  made  evident  by  the  usual  tests. 

In  the  second  series  ufexperimentii,  the  oxigeu  and  ^'-    - 1   n^giTlf 
drogen  produced  from  the  water  were  collected  under  mer-  "p«iiii"nn 
cory,  and  the  twq  portions  of  water  cnmmuoicnted  directly 
with  each  other.     In  several  trials  made  in  this  way,  with  Alk»liinih 


•  comKmution  of  500  plates,  and  continued  for  s< 
jt  was  always  found,  that  fixed  alkali  sepjratod  ii 
ively  electrified ;  and  a  minute  quantity  of  a 
Mchaliwi'a  Journal,  Auguti,  ISO!),  |>,  lis. 


days. 
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eoald  barely  be  made  evident  by.  litmas.  in  the  glau  poti- 
tivdy  electrified.  This  acid  rendered  cloody  nitrate  of  sil- 
irer.  Whether  its  presence  was  owing  to  impurities,  which 
might  rise  in  distillation  with  the  mercnry,  or  to  muriatic 
Murmticadd  ^ci^  existing  in  the  glass,  I  cannot  say;  but  as  comm6n 
lii  glMs.  wU  perfectly  dry  is  not  deqomposed  by  silez,  it  seems  very 

iikdy*  that  muriatic  acid  in  its  arid  state  may  exist  in  com- 
bination in  glass, 
rittint  inhwl      ^  ^"^  several  experiments  on  the  ignition  and  fusibn  of 
ID  oxigea  gM  plfttiim,  by  Voltaic  electricity,  in  mixtures  of  the  vapour  of 
mpou"*^"*     water  and  oxigen  gas.     1  thought  it  posnble,  if  water  could 
be  combined  with  more  oxigen^  that  this  heat,  the  most  in- 
tense we  are  acquainted   with,  might  produce  the  effect. 
When  the  oxigen  was  mixed  with  nitrogen,  nitrous  acid  was 
formed;  but  when  it  consisted  of  the  lavt  portions  from 
Dxinrariate  of  potash,  there  was  not  the  slightest  indication 
of  such  a  result. 
AottMiuvai-        Water  in  vapour  was  passed  through  oxide  of  manga- 
pour  psMod     ttese,  made  redhot  in  a  glazed  porcelain  tube,  th6  bore  of 

tiirottghred-    ^)|ic||  ^^s  nearly  an  inch  in  diameter;  in  this  case  a  solu- 
hoc  oxtde  of      ,  .  ^    ^  '  . 

■MDgaivese       tion  of  nitrous  acid,  sufficieDtly  strong  to  be  disagreeably 

**r™**'*'"'*'**  sour  to  the  taste,  and  which  readily  dissolved  copper,  was 

formed. 

aallbnnfyiBa     This  experiment  was  repeated  several  times,  and,  when 

kffs  taba.       the  diameter  of  the  tube  was  large,  with  precisely  the  same 

results.    When  red  oxide  of  lead  was  used  instead  of  oxide 

of  manganese,  no  acid  however  was  generated :  but  upon 

this  substance  a  single  trial  only  was  made,  and  that  in  a 

small  tnbe,  so  that  no  conclusion  can  with   propriety  be 

drawn  from  this  failure. 

Mtealpttn  I  stated  in  the  last  Bakerian  Lecture,  that,  in  attempting 

fvodttce  am*    to  produce  ammonia  from  a  mixture  of  charcoal  and  pearV- 

IJJJJJJJJ^^     ash,  that  had  been  ignited,  by  the  action  of  water,  in  the 

pearUthby      manner  stated  by  Dr.  Woodhousf,  1  failed  in  the   trial 

^uot!"*"        '**  which  the  mixture  was  cooled  in  contact  with  hidrogen. 

I  have  since  made  a  number  of  similar  experiments.     In 

general  when  the  mixture  had  not  been  exposed  to  air, 

there  was  little  or  no  indication  of  the  production  of  the 

volatile  alkali ;  but  the  result  was  not  so  constant,  as  to 

be  entirely  satisfactory;  and  the  same  circumstances  could 

not 
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B0t  be  nniformly  nblainrd  in  this  simple  foria  of  the  nE}x>- 
riineDt.  1  bad  an  apparatus  oiftdc,  in  nhich  the  pheaotneaH 
of  ihe  priKciiS  could  be  more  ngoromly  esamined.  Pure 
potash  and  charcoal,  in  the  pro))OTlioD  of  ode  to  four  in 
'right,  viere  ignited  id  the  middle  of  a  tube  of  iron,  fur- 
nished with  a  system  of  stopcocks,  and  connected  with  u 
pneumatic  apparatus,  in  such  a  manner,  that  the  tnixtur* 
c«uld  be  cooled  in  contact  with  the  gas  produced  during 
the  operation ;  ami  that  water  exhausted  of  air  could  be 
nade to  net  upon  the  cooled  mixture,  and  afterwnrd  diftil- 
led  from  it;  figurrs  of  this  apparatus,  and  an  socoont  of 
_the  manner  in  whifh  itwaa  used,  are  annexed  to  this  paper. 
In  thia  place  I  shalt  state  merply  the  geneml  results  of  the 
operations,  which  were  carried  on  fvrr  nearly  two  months, 
a  variety  of  precButions  being  used  to  prevent  the  inter- 
ference of  nitrogen  from  the  atmosphere. 

In  all  cases,  in  which  the  water  wa>  brought  into  contact 
mth  the  mimure  of  charcoal  and  (jotath  when  it  was  per-  [ 
kctiy  cool,  and  afterwards  distilled  fiom  it  by  a  slow  hut, 
it  was  found  to  hold  iu  solution  stnnll  quantities  of  am- 
nonia ;  when  the  operation  was  repented  upon  the  same  miit- 
ture  ignited  a  second  time,  the  proportion  diminished;  in  ■ 
third  o|>erution  it  was  sensible,  but  in  the  fourth  barely 
perceptible.  The  same  mixture,  however,  by  tbe  addition 
*f  a  new  quantity  of  potash,  iigain  gained  the  power  of 
producing  ammonia  in  two  or  three  successive  operations; 
and  when  any  mixiure  had  ceaf^ed  to  give  ammooia,  the 
power  was  not  restored  by  cooling  it  in  contact  with  air. 

Ammooiu  was  produced  in  a  case  in  which  more  than  200 
cnbicftl  inches  of  gai  had  pas^d  over  from  the  action  of 
water  ujion  a  mixture,  aod  when  ihe  Itist  portions  only  wore 
preserved  in  contact  with  it  dr.ring  the  cooling.  In  a  com- 
parative trial  it  was  however  found,  that  considerably  more 
Ammonia  was  produced,  when  a  mixture  wus  cooled  in  con- 
tact with  thi.'  BtmO!<phere,  thau  when  it  was  cooled  in  con- 
tact with  the  xas  developed  in  the  operulioa. 

I  shall  not  attempt  to  draw  any  conclusions  from  these 
processes.     Itwould  appear  from  Home  experiments  of  Mr. 
illet,  tiiKt  nitrogen  adheres  vary  strongly  to  charcoal*. 
•  M*ni  d'AicueU.  Tom.  II,  pigc*ej. 
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The  circnmslances,  that  the  sainianiB  cchkcp  (o  be  profluced 
«(lera  certsia  number  of  operatiuae,  auci  that  the  quaulitjr 
is  inuch  greater  when  free  nitrogen  is  present,  are  perhap* 
■gainst  (lie  iden,  that  nitrogen  is  compoiied  in  the  pro- 
cess. But  till  the  weight*  of  the  subatances  concerned  and 
produced  in  these  operationa  are  compured,  ao  correct  de- 
,gon  pro-  cision  on  the  question  can  be  made. 

1,  The  experiments  of  Dr.  Priestley  upon  the  prodiictioo  of 
nitrogen,  during  ihe  freezing  of  water,  induced  that  philo- 
sopher to  conceive,  either  that  »ater  was  capable  of  being 
•wnverted  into  nitrojjen,  or  that  it  conlaiiied  much  rooro 
nitrogen  than  is  usually  suspected. 

I  have  made  some  repetitions  of  his  processes.  A  qnan~ 
tity  of  water,  (about  a  cubical  inch  and  a  quarter,!  that 
had  been  produced  from  snow,  boiled  oud  hivertfd  over 
mercury  while  hot,  was  converted  into  ice,  and  thawed 
in  I6  succesiiive  ojierHtions;  gas  was  produced,  but  after 
the  first  three  or  four  times  of  freezing,  there  was  tf>  nota- 
ble increase  of  the  volume.  At  the  end  of  the  experiment 
about  ,1,  of  a  cubical  inch  was  obtained,  which  proved  to 
be  common  air. 

About  four  cubical  inchea  oF  water  from  melted  mow 
were  converted  into  ice,  and  thawed  four  successive  times' 
in  a  conical  vessel  of  wrought  iron.  At  the  end  of  the 
(onrth  process  the  volume  of  the  gus  equalled  dbout  Vn  of 
the  volume  of  the  water.  It  proved  to  conuin  abont  7^ 
oxigeii,  T^it  hidrogeu.  and  ■,%  nitrogen. 

'"  Mr.  Kirwau  ubeerved  the  fact,  that,  when  nitrons  gasgnd 
sulphuretted  hidrogen  are  kept  in  contact  for  aqme  lime, 
there  io  a  great  diminution  of  volume ;  mid  that  tht;  nitrous 
gas  becomes  converted  into  nitrous  oxide,  and  that  sulphur 
is  deposited,  which  has  an  ainmoniacal  smell.  I  repeated 
this  experiment  several  times  iu  )800  with  similur  remits, 
and  I  found,  that  the  diminution  of  the  volume  of  the 
gfuses,  when  they  were  mixed  in  equal  proportions,  was  to 

1  rather  less  than  ^,  which  neemed  to  be  nitrous  oxide. 

In  reosDuiognpon  this  phcnomenuii,  1  <uiw  grounds  for  a 
minute  investigation  of  it.  Sulphuretted  hidrogen,  as  ap^ 
fturs  from  experiiiientii  which  I  have  stated  on  a  former 
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•ccuioo,  ant)  from  lome  that  I  shall  detsil  toward  the  con- 
clnttion  of  thUlecture,  containsa  volume  of  hidrogen  equal 
to  its  onn.  But  one  of  hidrogen  demanda  half  its  TOlomc 
of  oiigen  to  convert  it  into  water,  and  nitrous  ^ai  coniinU 
of  about  half  a  part  in  volurne  of  oxii^ni  so  that,  lupposing 
the  vholc  of  the  hidrogen  employed  in  absorbing  oxigen 
from  nitrous  giui,  nitrogen  nlone  ought  to  be  formed,  and 
not  nitrous  oxide.  Or,  if  the  whole  of  the  gus  is  nitrous 
oxide,  this  should  contain  all  the  nitrogen  of  the  nitrous 

fpplied  to  theHmmonia.  I  mixed  Expe<im«nt. 
les  of  nitrous  gas,  and  five  of  lul- 
niercury,  the  barometer  being  at 
99'3'*',  thermometer  at  51°  Fahrenheit;  twelve  hours  had 
elaptcd  before  any  change  was  perceived ;  there  wai  tlien  a. 
whitish  precipititte  formed,  and  a  deep  yellow  liquid  began 
to  appear  in  drnpi;,  on  the  inside  of  the  jar,  end  the  volume 
of  the  gasees  qniL'kly  diminished  ;  after  two  days  the  dimi- 
nution ceased ;  tind  the  volume  became  stationary ;  the  ho- 
raneter  was  at  30'45'*",  and  thermometer  52°  Fahrenheit; 
when  it  equalled  3'3.  The  gas  proved  to  be  tibout  {  ui-  R«nlu. 
trouB  oxide,  and  the  remainin<r  fourth  was  indnmmable. 
An  experiment  was  made  expreuly  to  determine  the  nature 
of  the  deep  yellow  liquid  in  the  jar.     It  proved  I 


kind  as  Boyle 
imonia,  but  with  i 


fuming  liquor,  the  hydrosutpliuret 
ilphur  in  great  excesii. 

idenily  no  formatinn  oF 


In  this  experiment  thei 
Tiitrogeut  and  these  complicated  c 
ductiou  of  two  new  compounds:  nitrogen,  hidrogen.  oxi' 
geUi  aud  sulphur  combiniug  to  form  one;  and  a  part  of  the 
iiilrogeu  and  oxigen  becoming  more  condensed,  to  form 
another. 

Having  Hinted  the  results  of  the  investigaliim  on  the  pro-  Attempts  to 
duntioD  of  nitrous  acid  and  of  ammonisi,  in  vuiious  pro- ""'""I'*'*". 
cetaes  of  chemistry,  I  ihall  notice  tome  attempla  that  I 
made  to  decompose  nitrogen,  by  agents  which  I  conceived 
tni|^l  act  at  the  snmc  lime  on  oxigen,  and  on  the  basis  of 
hitiogen.  Potassium,  as  1  have  before  ttated,  smbtimes  in 
nitrogen,  without  altering  it,  or  being  itself  changed ;  but 
1  thought  it  possible,  that  the  case  might  be  different,  if 
tfrii  powerful  agent  nere  made  to  act  upon  nitrogen,  assisted 
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Results* 


bjr  the  intente  beat  and  decompoting  eoergjr  of  Voltaic 
electricity. 

I  had  aQ  apparatus  made,  by  which  the  Voltaic  circuit 
could  be  completed  in  nitrogen  gas,  confiaed  by  mercuryt 
by  means  of  potassium  and  platina.  The  potassiuoiy  in  the 
quantity  of  about  two  or  three  grains,  was  placed  id  a  cup 
of  platina»  and  by  contact  with  a  wire  of  platina  it  could  be 
fused  and  sublimed  in  the  gas.  The  quantity  of  nitrogen 
was  usually  about  a  cubical  inch.  The  battery  employed 
was  always  in  full  action  for  these  experiments,  and  con« 
sisted  of  one  thousand  double  plates.  The  phenomena  were 
very  brilliant ;  as  soon  at  the  contact  with  the  potassium 
was  madct  there  was  always  a  bright  light,  so  intense  as  to 
be  painful  to  the  eye ;  the  platina  became  white  hot ;  the 
potassium  rose  in  vapour;  and  by  increasing  the  distance 
of  the  cup  from  the  wire,  the  electricity  passed  through  the 
vapour  of  the  potassium,  producing  a  most  brilliant  flame, 
froB  half  an  inch  to  an  inch  and  a  quarter  in  length ;  and 
the  vapour  seemed  to  combine  with  the  platina,  which  was 
thrown  off  in  small  globules  in  a  state  of  fusion,  producing 
an  appearance  similar  to  that  produced'  by  the  combustion 
of  iron  in  oxigen  gas. 

In  all  trials  of  this  kind  hidrpgen  was  produced  ;  and  in 
some  of  them  there  was  a  loss  of  nitrogen.  This  at  first 
seemed  to  lead  to  the  inference,  that  nitrogen  is  decom- 
pounded in  the  process;  but  I  found,  that,  in  proportion 
as  the  potassium  was  introduced  more  free  from  a  cntft  of 
potaihf  which  would  furnish  water  and  consequently  hidro- 
gen  in  the  experiment,  so  in  proportion  was  there  less  of 
this  gas  evolved  ;  and  in  a  case  in  which  the  greatest  pre- 
cautions were  taken,  the  quantity  did  not  equal  |  of  the 
volume  of  gas,  and  there  was  no  sensible  quantity  of  nitro- 
gen lost. 

The  largest  proportion  of  nitrogen,  which  disappeared  in 
any.  experiment,  was  yV  <>f  ^be  quantity  used ;  but  in  this 
case  the  crust  of  potash  was  considerable,  and  a  volume  of 
hidrogen^  nearly  equal  to  \  of  the  nitrogen,  was  produced. 
It  cannot  be  said,  that  the  nitrogen  is  not  decomposed  in 
this  operation  ;  but  it  seems  much  more  likely,  that  the 
slight  loss  is  owing  to  its  combination  with  nascent  hidro- 
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and  its  bdng  Beparated  nith  the  potanium  in  the  forn 
af  tbe  gtay  pyrophoric  tubliiuBlCi  which  I  have  Found  in  aJ- 
wy*  produced,  when  potassium  U  electrized  and  converted 
into  vapour  in  ammonia. 

The  phwphuret  of  lime  in  its  common  alale  is  a  con- EiperimcBi 
factor  of  Hectricity ;  and  whsn  it  wm  made  the  roediura  of  J^i'^f^j'"',''''"" 
CDinmunication  between  the  wires  of  the  great  baiterj-,  it 
bantt  nith  •  moiit  inteuie  light.  It  was  ignited  to  t(hite> 
nns  in  nitrogen  gas;  a  little  phosphuretted  hidrogen  was 
g^ven  off  from  it,  but  the  nitrogen  nas  not  altered  ;  the 
■pparalui  was  similar  to  that  used  for  ibe  potassium. 

As  almost  all  compouada  kuown  to  contain  hidrogen  are  a  mixtuT*a( 
Tfadily  decomposed  by  oximuhatic  acid  gas,  a  mixture  of"'""*'""'*' 
aitrojfeu   anil  oximurlatic   acid    gas  was  passed  through   a  acid  goi  es- 
|MiToeliiia  tube  lieated  lo  whiteness;  the  products  were  r&*  P^'"* '" '"''■ 
ecireil  in  a   pneumatic   apparatus  over  water;    there  was  a 
wnall  lo»  ol'  nitrogen;    but  the  greatettt  part  cuoie  orer 
dpntely  clouded,  and  as  nitromuriatic  acid  was  found  dis- 
•flved  in  the  water,  no  contlusion*  concerniTig  the  decom- 
poutioa  of  nitrogen  can  be  drawn  from  the  process. 

The  general  tenour  of  these  iii(]<iiries  cannot  be  consider-  No  confirma- 
ed  as  strengthening  in  any  considerable  degree  the  suspiciou,  "°"      ibe<i«. 
which  I  formed  of  the  decomposition  of  nitrogen,  by  the  nitiDgcn. 
diatillation  of  the  olive  coloured  substance  from  potaasiuoi 
■nd  aramonia  in  tubes  of  iron. 

Id  reasoning  closely  upon  the  phenomena  in  this  opera-  The  loo  af  n> 
lioD.  it  appears  to  me  indeed  possible  to  account  for  the  loss  J^^"**™"'" 
«f  Ditrogeni  without  assuming,  that  it  has  been  cn^ivirted 
into  new  matter.  Though  tbe  iron  lubes,  which  t  used, 
fMre  carefully  denned  ;  yet  still  it  was  not  unlikely,  that  a 
uoaU  quantity  of  oxide  might  adhere  to  the  welded  parts : 
the  asigCR  of  which,  in  the  beginning  of  the  proceiia  ofditt- 
tillatinn,  might  form  water  with  hidrogen,  given  off  frotn 
tbe  fusible  substance;  which,  being  condensed  in  t^e  upper 
p«rt  of  the  tube,  would  be  again  brought  Into  miction  to> 
<««rd-tbe  close  of  tbe  operutiun,  occasioning  the  farmation. 
him)  possibly  the  absorption  of  some  ammonia,  sjid  conse- 
qnentlf  a  loss  of  Dilro.;eo,  and  the  production,  of  an  in- 

proportion  of  hidrogen.     1  have  made    one  expcri- Enpfiment  i« 
it(  with  th«  hopes  of  deciding  this  question,   in  an  irqn '""'*'*    "' 
lule 


48 


ON    NITBOaEM    AND   UIHOKU. 


tube  ueed  imiDediatel^  after  the  whole  interniil  surface  had 
been  cleaned  by  the  borer.  Six  ^raias  nf  potHaeium  were 
used  in  •  tray  of  iron,  nearly  thirteen  cubic.il  iuche«  of 
aranioiiia  «ere  absorbed,  and  about  tix  of  hidrogen  pro* 
tluced.  Thirteen  uutncal  inches  of  gss  were  evolved  iti  die 
Ant  opemtiou  ;  which  con«i)tted  of  itearly  t  cubical  inch  of 
Aiumouia,  4  of  uitrugen,  nod  a  of  hidro^fn.  The  portion 
of  gas  given  off  in  the  second  operutiun  tH|ii>illFd  3-6  cubi- 
cal Inchee;  which  consisted  of  3S  hidroj^eii,  uad  I'l  nitro- 
gen. The  potuMiuin  lost  in  the  operation  was  bufficient  tu 
generate  3'I  cubical  inches  of  hidrogen. 
Put  •f (he pot-  As  the  iron  in  these  experimeuts  had  been  heated  to  in. 
(ho  icon,  'ense  whilenesB,  mxi  mnst  have  been  very  sort ;  it  was  not 
impossible,  consideriii);  the  recent  e\perim<'iit«  of  Mr, 
Hassenfratz  •,  that  the  loss  of  so  lur|5;e  a  portion  of  potas- 
sium mi!>^ht  depend  upon  an  iniimute  union  of  that  body 
with  iriin,  and  its  penetration  into  the  substance  of  the  tube. 
This  idea  is  counteuaueed  by  another  experiment  of  the 
same  land,  in  ivhich  the  htat  was  rui»ed  to  whiteness,  and 
the  burrel  cut  intopiccen  »hen  cool:  on  exMminin;;  the  lower 
part  of  it,  I  found  in  it  a  very  thin  Blin  of  putush ;  bat 
which  I  conceive  could  scarcely  equal  a  prain  in  weight. 
The  pieces  of  the  barrel  were  introduced  under  a  jar  in- 
vwted  in  wu.er;  at  the  end  of  two  days  neurly  9'3  cubical 
inches  of  hidrogen  were  found  to  be  generated. 
AppirenI  ka  lu  the  experiments  detailed  in  page  53  of  the  last  volume 
ti°a^hr^''  "''  ""^  Transactions t.  a  loss  of  nitrogen,  a.nl  a  production 
of  hidrogen  were  perceived  in  a  case,  in  wliicli  the  residuum 
from  a  portion  of  fusible  subntance,  which  had  been  exposed 
to  a  low,  red  heat,  was  distilled  in  a  tube  of  plutina  ;  but  in 
this  case  the  residuum  hud  been  covered  by  naphtha,  and  it 
is  possible,  that  ammonia  might  have  been  re>{eneratc-d  by 
hidrogen  from  the  naphtha,  and  absorbed  by  that  fluid  ; 
and  ■  part  uf  the  hidrogen  might  likewiie  proceed  from  the 
decoaino--it:on  of  ihe  naphtha ;  and  in  several  experiments 
ID  which  I  have  burnl  tiie  entire  fusible  substance,  I  have 
fmiDd  no  Ijss  of  iiilrngen. 
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Bven  itie  conaideralile  excess  of  hidri>);eii,  and  deficiency 
■r  nitrogfiii  in  the  jirocesses  in  which  the  fusible  ttibctance 
i«  dntillnl  with  u  new  qaanlity  of  )>otassiuio,  page  451*, 
il  »  pouible  to  refer  to  the  lurger  quantity  of  iDoisIure^ 
which  must  be  ahimrbeil  by  the  fu«ible  substance  from  the 
siri  (luriug  the  liint  occu)>iiHl  in  attaching  the  potaBsintn  to 
the  tray,  and  likewise  from  th«  moisture  adhering  to  the 
cm«t  of  pattish,  which  always  Conns  upon  the  potasiium, 
durin);  its  exposure  to  air. 

Tbe>e  objections  are   the  strongest  that  occar  to  iBr>  BuithaqiA*. 
ii){aiuGt  the  mode  of  explaining  the  phenomena  by  luppos*  **'"^''lwh'' 
iut(  nitrogen  decomposed  in  the  operation  ;  but  they  can- 
not be  considered  ns  deciaive  on  this  complicated  and  ob- 
•care  question,  and   the  opposite  view  may  be  easily  de- 
f«Hlcd. 

Though  I  hate  already  laid  before  the  Society  ■  number  Fmher  e»p» 
•f  experiments  upon  Hit  tiecompontion  of  ammoniH,  jet  I  j"""'*^  ■*" 
•twil  not  hesitate  to  detail  some  tartber  operations,  which  of  u^asoia. 
lia*e  been  conducted  accordin|{  to  new  views  of  the  tab- 

!«• 

I  concluded  from  the  loss  of  weight  taking  place  in  th* 
tlvctricul  analysis  of  ammonia,  that  water  or  ozigvn  wa« 
proljobly  separated  in  this  operation  ;  but  I  wa«  aware,  that 
abjections  might  be  made  to  tbii  mode  of  accounting  fi>r  tlM 
phe,,o,„™o„. 

The  experiment  of  producing  an  amalgam  from  ammonia, 
vhich  regenerated  volatile  atltali,  apparently  by  oxidation, 
confirmed  the  notion  of  the  existence  of  oxigen  in  tbis  tub- 
•caace;  at  the  same  time  it  led  to  the  suspicion,  that  of  ttaa 
two  gasses  separated  by  electricity  one,  or  perhspa  both, 
might  contain  metallic  matter  united  to  oxigen:  and  the 
multv  of  the  distillation  of  the  fusible  substance  from  pot* 
aasium  and  ammonia,  notwithstanding  the  objections  t 
have  made,  can  perhaps  be  explained  on  sach  a  nippoai* 

I  have  made  a  number  of  experiments  upon  the  decom-  MrtWofeoik. 
position  of  consider«ble  quantities  of  ammonia,  both  by  dacDog  tbaa. 
Voltaic  ond  common  electricity ;  and  1  have  ased  an  app»> 

•  Jounul,  voL  XXV,  p.  197, 
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ratus  (or  wliich  a  figure  is  attgched  to  tliii  paper,)  in  wliich 
notliing  was  present  but  tbe  ges,  the  metBls  for  coDveyiitg 
the  electricity,  and  glass.  The  ammonia  was  intruduced 
by  a  stopcock,  which  was  cleared  of  common  air,  into  it 
globe  that  was  enhausted,  ofler  being  filliHl  two  or  three 
times  with  ammonia:  the  gas  that  wan  used  wa3 absolutely 
pure,  the  decomposition  uaa  performed  without  any  possi- 
bility of  chaiiiie  in  the  volume  of  the  elastic  matter,  and 
the  apparatus  was  luch,  that  the  gas  could  be  exposed  to  a 
/retziag  mixture,  and  the  whole  weighed  before  snd  after 
the  experiment. 

The  object  in  keeping  the  volume  the  siime  during  the 
I   produce   the   condensation   of    any 
h,  if  formed  in  small  quantity  in  the 
operation,  {on  the  theory  of  the  mechanical  diffusion  of  va- 
pour in  gasse«,}  might,  ia  the  common  case  of  decomposi- 
tion, under  the  usual  pressure,  be  in  (jiimility  nearly  twice 
-_    ,  as  much  in  the  hidrogen  and  nitrogen,  a*  in  ilie  ammonia. 

Kriulu.  ■    Jn  all  instances  it  was  found,   that  there  was  no  loss  of 

weight  of  the  apparatus,  nor  was  there  any  deposition  of 
moisture,  during  or  after  the  elect rization;  but  the  wires 
■rere  uniformly  taruished  ;  and  in  »n  experiment  in  which 
surfaces  of  brass  were  used,  a  smull  quantity  of  olive  co- 
loured matter  farmeil  on  the  uietid  ;  but  though  in  this  case 
nearly  9  cubical  inches  of  ammonia  were  deiromposed,  the 
weight  of  the  oxidated  mntii't  wus  so  minute  us  to  be  scarcely 
sensible.  Ily  the  use  of  a  freeritiu  mixtute  of  muriate  of 
Urac  and  ice,  which  diminisheil  the  tempemlure  to — 15°, 
there  was  a  very  feehle  indication  given  of  the  addition  of 
hygromelrico!  moisture. 

In  these  experiments  the  increase  of  I  he  gas  wiis  nnifurm- 
)y  (within  a  range  of  five  part^)  from  iOU  lo  ins,  and  llie 
Lidragen  was  to  the  nitrogen  in  the  Bv«ra£;e  pro|iortinng  of 
from  7*  Of  74  to  G7  orSG;  the  pmiUT  corrections  beinj 
made  and  the  precautions  before  refened  to  being  taken". 
Assuming 

Bcrthollcftes.  '  Philo^phLcnl  Tmiuaclioo.,  ISop,  pagf  «-,9  [Journal,  tdI-  XXV. 
parimnuon  p.  Ua,  1*4].  Mr.  Bcrlliulk't,  jun.,  in  the  iromJ  Tulume  of  tlic  Me- 
Ihidecaropo  ^am  cf  Arcueil,  haa  giveo  a  paper  un  thr  dr com paiil iun  uf  nmmoiiia, 
"''^  "  *""      sad  \>t  rnlem  into  an  ntaniinatian  of  my  i.Ica  of  ibe  nxijcn,  teparited 
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Assuming  the  common  ettimations  of  the  specific  gravity  SpEfiBc  gmi- 
of  ammoniu,  of  hidrogen,  and  nitrogen,  the  conclusions  ""  "'^'^PJ' 
which  I  havK  advanced  in  the  Bakerian  lecture  for  I8O7 
would  be  supported  b;  these  nfw  experiments,  but  as  the 
moiaturt:  and  oxigen  viiiibjy  separated  cannot  be  conceived 
to  be  as  much  as  ^V  <"'  t't  <>''  ''"^  weight  of  the  ammonia ;  I 
resolved  to  investigate  more  precisely,  than  1  had  reason  to 
think  had  been  hitherto  done,  the  specific  gravities  of  the 
gQsses  concerned  in  their  dry  ftate ;  and  the  very  delicate 
balance  belonging  to  the  Royal  [ustitutiou  placed  the  roeaoa  ^ 

of  doing  this  in  my  power. 

Nitrogen,  hidrogen,  and  ammonia,  were  dried  by  a  long  Sp.jnt.of  ni- 
continued   exposure  to   potash,    and  were  very  carefully  "og'^n.hMt*- 
vreighed.     Their  relative  specific  gravities  proved  to  be,  at  nonU. 
.SU'Sin.  barometer,  £1°  Fahrenheit's  thermometer. 

For  nilroi^en,  the  10(1  cubical  inches- .-■29-8  grains. 

For  hidrogen,  ditto. 2*87 

Fori 


Vove,  if  these  data  be  calculated  upon,  it  will  be  found,  Losi  inthsile. 
-tbnt  in  the  decomposition  of  100  of  ammonia,  taking  even  "n>p«'twu of 
;  largest  proportions  of  gasses  evolved;  there  is  a  loss 

in  tbr  electrical  dccumpoiilion  of  aniiuooia,  which  fae  auppoBO  I  rate 

apCTtmlr  ftnJ  at  thr  tame  lime  hp  eonfalfi  Boian  experiments, 

vlucli  be  in  pleued  to  sttrilnile  to  me,  of  the  combuiltou  of  charcoal 

ir»u  ID  ■mmonia.     HU  ar^urocnta  nnJ  fail  facti  upgn  Ihoc  paint* 

■ppew  to  me  perfeclly  coaclusire ;   bul  as  I  never  furuml  luch  ia  opi- 

ion,  as  tliat  -iu  uf  oxigcn  vem  scparateit  iu  the  experimenl,  and  ucvet 

lagiaed  such  results  as  Ihe  conibu«tiuD  of  iruu  and  charcoal  in  am- 

onia,  ■□(!  never  published  anf  thin;  Khich  could  receive  such  an 

iolerpictatioa,  1  ihall  nol  enter  into  any  ciiticiim  on  this  part  uf  his 

r.    The  npcrimenta  of  this  iai^nioui  chemist  oa  Ihc  direct  dc- 

compoaitiuu  ofuamoDia  aeeni  to  have  lieen  conducled  with  much  care, 

except  Bi  to  thecircumBlanceurhis  unt  boiling  the  qiiicksilvrrj  which 

H'civc  bas  oceasioned  him  to  overrale  the  increaiie  of  valame.     At 

■Jl  events  ■  lost  of  weight   is   more  Iu  be  expected  than  sa  increase  uf 

weight,  in  all  very  refined  experiments  of  Ihiakind.    It  is  poEsible, 

that  ll>e  volume  may  be  ructly  rluubled,  iind   that  the  nitrdfeo  may 

o  the  bidro^^n  as  one  to  three  ;  bul,  neither  the  namcrons  cxperi- 

lU  uf  llr.  Henry,  nor  Ibosv  that  1  have  iHed,  etUblish  ihit ;  it  i*  '. 

VIK  lit  the  hyputhrtical  iofeiencri  that  may  bo  made,  but  it  canani 

W  rr^arded  as  no  abfoliite  fscl- 

E   2  of 


pcKCil  of  hidn 
■t*n  3i  oilroge 


OH    RITKaCEN    AND    iMHOMA. 

of  tV",  and  if  th«  smalUat  proportion  be  taken  the  loM  will 
be  nearly  A- 

The«e  results  and  talctilations  agree  nitli  those  that  ( 
have  before  given,  and  with  those  of  Dr.  Henry. 

The  lately  discovered  factH  in  rhemiutry,  coucern'ng  the 
iuiportBiit  modifications  which  bodies  may  undergo  by  verj 
slight  additions  or  subtractions  of  new  matter,  ought  to 
render  us  cautious  in  deciding  upon  the  nature  of  the  pro- 
cess of  the  electrical  decompositiou  o<' ammonia. 

It  IS  pouible,  that  the  minute  quantity  of  oxigeti,  which 
appears  to  be  separated,  is  not  accidental,  bnt  a  resnlt  of 
n  the  decomposition;  and  if  liidrn;reu  and  nitrogeu  be  both 
oxides  of  the  Bame  basis,  the  possibility  of  the  production  of 
different  proportions  of  water,  in  different  operations,  might 
account  for  the  variations  observed  in  some  cases  in  their  re- 
lative proportions ;  but  on  the  whole,  the  idea  that  ammoniu 
is  decomposed  into  hidrogen  and  nitrogen  alone,  by  elec- 
tricity, and  that  the  loss  of  weight  is  no  more  than  is  to  be 
expected  in  processes  of  so  delicate  a  kind,  is,  in  my  opinion, 
the  most  defensible  view  of  the  subject. 

But  if  ammonia  be  capable  of  decomposition  into  nitro- 
,  gen  and  hidrogen,  what,  it  will  be  asked,  is  the  nature  of 
the  matter  existing  in  the  amalgam  of  ammonia?  what  is 
the  metallic  basis  of  the  volatile  alkali?  These  are  ques- 
tions, intimately  connected  with  the  whole  of  the  arrange- 
ments of  chemistry ;  and  they  are  questions,  which,  as  our 
instruments  of  experiment  now  exist,  it  wlU  not,  I  fear,  be 
easy  to  solve. 
J  1  have  stated  in  my  former  comninnication  on  the  amal- 
gam from  ammonia,  that,  under  all  tlie  common  circum- 
stances of  its  production,  it  seem-i  to  preserve  a  quantity  of 
water  adhering  to  it,  wiiich  may  be  conceived  to  be  so ^ 
ficient  to  osidate  the  metal,  and  to  reprodui-e  the  ammo- 


I  Lave  tried  v 


s  devi 


it  tbc 


•  looaf  . 

weighing  3'l  grains,  and^S'l  of  iiilra^n  wnghia; 
|g-«^)7't=li  and  «1  the  mta  Uf  ISO,  lu  of 
30-1,  and  47  or  aitrogen,  veighiuK  i* ;  Bad  ia-«— 17 


with  the  hopes  of  being  able 


)  of  faidro^a, 
3  graias  \  bal 


«ir  Kintoccir  xvn  avmowti.  $9 

lo  form  it  from  Hmmoniii  in  a  dry  itute,  but  without  sue- 
ceu.  Neither  or  the  ainnlgains  of  potassium,  todiuin,  or 
barium,  praduceii  it  in  ammoninrnt  tfiis  ;  and  when  the)'  are 
heated  with  murinte  of  ammonia,  iiDlesH  the  »&\t  is  moist, 
there  is  i>o  HK-tQlliznlioD  of  the  nlkali. 

I  hare  arted  upon  ammonia  lij  dilFereiit  metallic  amnl- 
pnt  negnlivel]'  etrctrified,  soch  os  the  umatgums  of  ^uM 
mnd  silver,  thenmalgain  ofzine,  and  tliehquid  amnlgatn  of 
Inamnlh  and  lead  ;  but  in  all  these  cases  the  effect  nai  leas 
dietioci,  than  when  pure  mercnry  was  used. 

By  eiposing  the  roercnry  to  a  cold  of -^30*  Fahrenheit, 
ID  •  close  tube,  I  have  succeeded  in  obtaining  an  amal^m 
in  a  much  wore  solid  atatc ;  yet  this  decomposed  nearly  as 
rapidly  ei  the  common  omalgam,  bi:t  it  gave  off  much 
more  (gaseous  matter ;  and  in  one  initance  1  obtained  a 
qoBotity  which  was  nearly  equal  to  six  Itmci  its  volume. 

The  amalgam  which  I  have  reason  to  believe  can  lie  made 
most  free  from  adhering  motiturf,    is  that  of  potu^sium, 
mcTcurv,  and  aniniounini  in  n  solid  atate.     Thii>i  us  I  have 
nimtiuncd  in  iny  former  coinmumcution,  decomposes  very  Decoinpoia 
•lowly,  even  in  contact  with   water,  and   when  it  hag  been  "''»  ''""'X* 
CNrefullj  wiped  with  bibulous  paper,  bears  a  considerable 
h«at  withoat  alteration.     I  hnre  lately  made  several  new  nt-  AiiempH  to 
tnnpts  to  distil  the  ammoniitm  from  it,  but  without  auccess. ''""'  """"on*' 
When  it  is  strongly  heated  in  a  green  f^lass  tube  filled  with 
hidrogen  gas,  there  is  always  a  partial   regeneration  of  ani- 
moDia;  but  with  this  ammonia  there  is  from  -fa  to  t't  °^ 
bidrogen  produced. 

As  it  does  not  seem  [lossible  to  obtain  an  amalgam  in  a  Ammonii,  If 
uniform  state  as  to  adhering  moiBtnrr,  it  is  not  easy  to  say  ""^^  i',^** 
what  would  be  the  exact  ratio  between  the  hidrogen  and  am-  ■ 
monia  produced,  if  no  more  water  was  present,  than  would 
be  decomposed  in  oxidating  the  basis.  But  in  the  modt  re- 
fined experiments  which  1  have  been  able  to  make,  this 
ratio  i<i  iliHt  of  one  to  two ;  and  in  no  ini^tance,  in  which 
proper  preciiutiona  ari;  taken,  \'-  it  less;  but  under  common 
circumstances  often  move.  Ifthis  result  is  taken  as  accurate, 
iJieo  it  would  follow,  ihui  ainmoniu  (supposing  it  to  be  an 
oxide,)  must  contitin  about  48  per  cent  of  oxi^en,  which, 
a«  will  be  hereafitr  seen,  nill  a^ree  niih  the  relations  of  the 
atlractiona 


0«    HITROGEN   AHD    *HMOKtl. 

of  thi*  alkali  Tor  acids  to  thote  of  ottiei 


If  hidrogen  be  supposed  to  be  a  Biraple  body,  and  nitro- 
en  ttB  oxide,  tlien,  oa  tlie  bjpothesis  above  ituled,  nitro- 
«n  would  consist  of  nearly  48  of  ovi^^en,  and  34  of  basis; 
^  but  if  the  opinion  be  adopted,  thut  hidrogen  and  nitrogen 
are  both  oxideit  of  the  eame  metal,  then  the  qiiatitity  of  oxt- 
geoin  nitrogen  mu8l  besuppoaed  lets. 
^j'  These  view*  are  the  most  obvious  ihat  can  be  formed,  oo 
the  antiphlogistic  hypothesis  of  the  nature  of  metallic  sub- 
•tances;  but,  if  the  facts  concerning  ammonia  were  to  be 
reasoned *upoD,  independently  of  the  other  general  plieno- 
loeai  of  chemical  Hcience,  ibey  pcrhapa  might  be  more 
eaiiily  explained  on  the  notion  of  nitrogen  being  a  basis, 
which  became  alkaline  by  combimng  with  one  portion  of 
hidrogei),  and  inetallic  by  combining  with  a  greater  pro- 
portion. 
lo'  The  solution  of  the  question  concerning  the  quantity  of 
'"'  matter  added  to  the  mercury  in  the  formaiion  of  the  amal- 
gam depends  upon  this  di^^ussion;  for,  if  the  phlogistic 
view  of  the  subject  be  udopted,  the  amalgam  luusi  be  sup- 
posed to  contain  nearly  twice  as  muL-h  mutter,  as  it  is  con- 
ceived to  contain  on  the  hypothesis  of  deoxigenation.  In 
the  last  Bnkerian  lecture  1  have  rated  the  proportion  at 
tHitbi  l^"^  this  is  the  leatt  quantity  that  can  be  assumed, 
apposed  to  give  off  only  once  and  a  half 
lia.    If  the  proportion  slated  in  page  23 


the  mercury  bei 
its  volume  of  an 


•  Errn  in  Common  air,  the  amatgam  ctoItcv  hidrof-i'n  and  iminoiiis, 
nnrlj'  in  three  proportiiros ;  and  in  one  (xperiinri-r,  which  I  lalel; 
tripd,  IhcTP  trcnied  Id  he  na  atHorptioB  of  oiii|;ni  friini  the  atmoBphrri!. 
Thi>  drcumstsncc  appcirs  to  me  \a  favour  of  tlic  Biiligihlo^tic  virw 
of  the  tiKlalliialion  of  thr  tdIbIiIc  alkali  -,  fur  if  tlic  liidn^n  he  lup- 
)iow<l  to  be  fjinn  off  from  the  mercury,  aod  uol  to  arisr  from  Ihc  de- 
rstopMition  of  watcc  adhering  to  Ihr  aniilgani,  it  nii|;lil  he  conceived, 
that,  Ixiog  in  the  nucfut  atalr,  it  vould  ripldlv  aliEOrl)  oxigen.  In 
m;  linit  npcrimtnt)  Ufvin  thr  amalgani,  finding  that  comnHin  air,  tu 
vhich  it  had  been  eapoM'd,  gave  leu  diminulion  vilh  nitrooK  gus  than 
fcifoiv,  1  ronclQdcd  nalnrally,  (hot  oiigen  had  b«n  aliKurbed,  bnl  thii 
ditTcrmce  might  have  arisen,  paitly  at  Itast,  from  the  mixtnrc  of  hi- 
dn^n.  Wbcthet  in  an;  case  the  amalgam  abiorlu  oxigcn  ^i,  ia  a 
^atition  for  futher  iavotigilion. 


TtUK  OF  THX  MIOBATtUN    »W  BIKDS, 

tattcD  as  tbe  basis  or  calculation,  trhich  is  tlie  maximum 
tb»t  1   have  obtaiaed,   the   aiDBtgara    would   contain   aboot  '' 

yfyn  of  new  mutter,  on  the  antiphtagistic  view,  and  about 

y(g  OD  the  |ihIogi*tic  vitw.  "  " 

1  shall  liavu  occasion  to  recur  to,  and  to  discuss  inDr«  ^^w  mo 
ftlly  thefe  ideas,  and  I  sbail  conclude  this  section  by  °""m'! 
■tating,  that,  though  the  researches  on  the  decomposition  *^'' '"'^ ' 
■sd  composition  of  nitrogen,  which  have  occupied  9o  large  -^„^ 

■pace  in  the  foregoing  pages,  have  been  negative,  us  to  the 
f  limary  object,  yet  they  may  not  possiblj-  be  devoid  of 
aseful  applications.  It  does  not  seem  improbable,  tnat  the 
paaaage  of  tteucn  over  hat  manganese  mav  be  applied  in 
manufjcture  of  nitroua  acid.  And  there  i*  reuaon  to 
believe,  that  the  ignition  of  charcual  and  potash,  and  their 
-expdcure  to  water,  may  be  ndviintageously  applied  to 
the  production  of  volatile  alkali,  in  countries  where  fuel  )■ 
chea{». 


fTo  be  eunclttded  in  our 
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Times  of  Migratiun  of  tonte  of  the  Stealtow  Tribe,  i;e.,  ma 
London.     In  a  Letter  Jiom  Tiiohas  Foriteb,  Etq, 


To  Mr.  NICHOLSON. 


SIR, 


HOULD  you  consider  the  following  table,  showing  tbe 
periods  of  the  earliest  and  latest  appearance  of  several  of 
ibe  swallow  tribe,  &c.,  ut  Clapton,  during  some  years,  worth 
ixwertiVn  in  jour  Journal,  il  is  uiuch  at  jour  service.  It 
nay  amuse  «ome  of  your  umu^rous  readers,  and  will 
•blige  your  conslaut  reader, 

THOMAS  FORSTER. 

■AKLIEST 
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The  Croonian  Lecture.     Oii  the  Funcliom  of  the  Itearl  and 
Arteries.     By  Thomas  Young,  M.  D.  For.  Sec.  R.  S*. 

Mrchaninl       JL  HE  mechanical  motions,  which  take  place  in  an  anitual 

■laiioalD  ■       body,  are  regulated  by  thesanie  generwl  laws  as  the  uiDtioiis 

subJct  toiba*'''  iiBnimatp  bodies.       Thus   the  force  of  gravitatioo  act* 

Uwinfdead      precinely  iti  the  same  manner,  aod  in   the  saoie  degree,  on 

living  as  ou  dead  matter;  the  laws  cf  uptics  ure  most  accu- 

ratdy  observed  by  all  the  refractive  subsiani/cs  belongini^ts 

ihe  eye ;  and  there  ie  no  euse  ia  which  it  can  be  proved,  that 

aniiutfied  bodies  are  exeoipled  from  any  of  the  affections  to 

buitheiiial     which  ii.aniniale  bodies  are  liable,  except  when  the  powers 

powertcaniii  q/  |jfe  arc   capable  of  instituting  a  proccBS,  calculated   to 

■  affeciioiis  by  others,  which  are  lominensu- 

iitd   which  ate  of  a  contrnry  tendency.     For 

*  rhi!o(,  Trtns.  for  ISOO,  p.  |, 


OH  TBB  FONCTIOKS  Of  THE  UEAST  IND  ARTEILIE*.  j^ 

example,  animal  boilics  are  incapable  of  being  frozen  by  a 

considerable  de^re€  of  cold,  because  animu1»  have  the  power 

of  geoerating  heat;  but  the  «kin  of  an  animal  htm  no  power 

of  generotin);  an  acid,  or  an  alkali,  to  neutralize  the  ocliou 

of  an  alkaline  or  on  acid  cuuitic,  o»d  therefore  its  texture 

ia  dntmyeil  by  itie  chemical  nltractioii  of  such  an  Bgi'ttt* 

when  it  comes  into  contact  with  it.      At>  far,  therefore, ii» the  As  lAracthn 

faDCtious  of  animal  life  depend  on    the   lac<uuotioiii>  of  the  pe'i^'oHnnT 

■dIkI*  or  6iiids  tboae  functions   aiuxt   be   cu[>abie  of  Lwin;;  lien  ihry  (Akj 

illwBtrated  by   the  consideration   of  the   methanicul  la»»  of  ™;'^''"""' 

Oioving  bodicji;  these  \avii  being  fully  ade(|tiute  to  the  ck- 

ptwnativn  of  the  connection  between  the  uiulive   poweri, 

which  are  employed  in  the  system,  nnd  the  imuiedi«te  ef- 

fect«,  whirh  tbey  are  capiible  of  producin)^,  in  the  mMids  or 

fluiilt  cif  the  body :  and  it  in  obvious  that  the  iixjuiry,  ia 

what  iDHnner,  and  in  nhat  degree,  ihe  circulatio<i  of  Uie  ibcCTTrtilMiiuK 

btoud  depends  on  the  rau«cnlHr  and  eluktie  power*  of  lhe'^?^"T^" 

t  and  of  the  arteries,  supposing  the  nature  of  these  lUiDiiii. 
powers  to  be  known,  must  become  limply  a  ijUC!<tion  be- 
longing to  the  most  refined  depuitmeutu  of  the  theory  of 
hydraulics. 

In  exaniiiiing  the  functions  of  the  lieiirt  and  url«rie»,  1  iTTqiiirieiinta 
tfaall  inquire,  in  the  first  place,  upon  the  ground  of  the  hy-  ","'[[^"hi,*" 
^raulic  investigations  ohich  I  have  ulready  Bubinilled  (o  the  and  irtcHn. 
ftojnl  Society*,  what  would  be  the  nature  of  the  circular 
itioo  of  the  blood,  if  the  whole  of  the   veins  and  arterivs 

•  invariable  in  their  dimeusionn,  like  Uibeft  of  ^iaw  at  of 
bone;  in  the  second  pluce,  in  what  manner  the  pulse  would 
be  transmilled  from  the  heart  thiougli  the  arteriet,  if  they 
were  merely  elaitic  tubes;  and  in  ihe  third  place,  what 

ans  we  can  with  propriety  attribnie  to  the  niuicular 
coats  of  tile  arteries  themselves.  1  shall  lastly  add  sonie 
Abservationa  on  the  disturbances  of  these  motions,  which 
quay  be  supposed  to  occur  in  ditl'eient  kinds  ol  infiamnia- 
^oo«  and  fevers. 

•  Sre  Journal,  *ul.  XXtl,  p.  104.     The  n^cr  i>  tn)ur>t«t  lo  sub- 
ilulcin   p     191,   \.i   ttam  bot^    form  V -i   m  v'-i  io  p.  10.'),  I. 

■  aod  9  frcm  lM>t,,for  wluiif  c  if,  whence  2i  aDd  in  ji.  lai,  st  the  and 

of  !■  6  fhnB  boi  ,  to  add^i*  dmotid  lijr  a  n- 

Wlim 


3» 


•II  m  ruKCTroNt  of  thb  reaiiT  ano  imtirE*. 


meosioas*. 


The  blood  TCf-  When  tre  consider  the  blood  vessels  as  tubes  of  invariable 
**^^M  *  dimensions,  we  may  suppose,  in  order  to  determine  the  re* 
triable  di-  k>city  of  tbc  blood  in  their  different  parts,  and  the  resis* 
tancet»  opposed  to  its  motion,  that  this  motion  is  nearly  uni* 
form,  siRce  the  alterations  arising  from  the  pubation  of  the 
heart  do  not  materially  affect  the  calculation,  especiftUy  as 
they  are  much  less  sensible  in  the  smaller  vessels  than  in  the 
larger  ones,  and  the  principal  part  of  the  resistance  arises 
iro4ii  these  small  vessels^  We  are  to  cronsider  the  blood  in 
ihe  arteries  as  subjected  to  a  certain  pressure,  by  means  of 
which  it  is  forced  into  the  vein?,  where  the  tension  is  much 
liess  considerable;  and  t(iis  pressure,  originating  from  the 
t^*outractions  of  the  heart  and  continued  by  the  tension  of 
the  m-teries,  is  almost  entirely  employed  in  overcoming  the 
friicti on  of  the  vessels:  for  the  force  required  to  overcome 
the  inertia  of  the  blood  is  so  inconsiderable,  that  it  may, 
without  impro|>riety,  be  whoUy  neglected.  We  must  there- 
More  inquire,  what  the  magnitude  of  this  pressure  is,  and 
what  degree  of  resistance  we  can  suppose  to  arise  from  the 
irlctien  of  the  internal  surface  of  the  blood  vessels,  or  from 
any  other  causes  of  retardation.  The  magnitude  of  the 
pvesKure  has  been  ascertained  by  Hales^s  most  interesting 
experiments  on  a  variety  of  animals*  and  may  thence  be 
estimated  with  sufficient  accuracy  for  the  human  body;  and 
^r  determining  the  magnitude  of  the  resistance,  I  shall 
**niploy  the  theorems  which  1  have  deduced  from  my  own 
experiments  on  very  minute  tubes,  compared  with  those 
which  had  been  made  by  former  observers  under  diiferent 
circnmstunces;  to;;^ether  with  some  comparative  experi* 
uients  on  the  motion  of  water  and  of  other  fluids  in  the 
same  tube^. 

Dr.  Hiiles  infers,  from  his  experiments  on  quadrupeds  of 
difleront  sizes,  that  the  blood  in  the  human  arteries  is  sub- 
jected to  a  pressure,  which  is  measured  by  a  column  of  the 
height  of  seven  feet  and  a  half:  in  the  veins,  on  the  con- 
trary, the  pressure  appearj  to  amount  to  about  six  inches 
only :  so  that  the  force,  which  urges  the  blood  from  the 
greater  arteries  through  the  minuter  vessels  into  the  large 
vtHUSf  may  be  considered  as  equivalent  to  the  pressure  of  a 
column  of  seven  feet. 

Id 
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«gnitude  of  the  resistance,  it  Calcubtionor 
is  nM:tssary  lo  dete-miiie  the  dimenEions  of  the  nrferial  sys-  "" 
t«m,  an<l  the  velocity  of  the  blood  which  flows  through  it. 
According  to  the  ineusurenientfl  of  Keill  and  othera,  ^>e 
may  take  i  of  an  inch  for  the  usual  diameter  of  tife  aorta, 
■nd  BO|Jpose  each  arterial  trunk  to  be  divided  into  two 
brandies,  the  diameter  of  each  being  about  {  of  that  of  the 
Uuok,  (or  more  uccuratety,  I  :  1-S6  =  10  **""'*'),  uiid  this 
joint  ureas  of  the  aertioiis  about  a  fourth  part  greuter,  (ot 
|-a58fi  :  1  =  Iff"'*"').  This  division  roust  be  continued 
Iwenty-nine  times,  so  that  the  diameter  of  the  thinieth  seg- 
ment may  be  only  the  eleven  hundredth  part  of  an  iucli, 
that  is,  nearly  large  enough  lo  admit  ino  globules  of  the 
blood  to  pass  at  once.  The  length  of  the  tirnt  segment 
tnust  be  assumed  about  nine  inches,  that  of  the  last,  the 
twentieth  of  an  inch  only;  and  supposing  (he  lengths  of 
ilie  interniediale  segments  to  be  a  series  of  mean  propor- 
tionuls,  each  of  them  must  be  about  one  sixth  part  shorter 
than  the  preceding,  (or  1  :  1*961  =:  li)-"""),  the  mean 
leogth  of  the  whole  forty-six  inches,  the  capaL'ity  to  that  of 
the  first  segment  as  7-i-7J  to  l.and  consequently  the  weight 
of  the  blood  contained  iu  the  arteriiil  system  about  9'7 
pounds.  It  is  probable  that  this  calculation  approaches  Qi 
sufficienlly  near  to  the  truth:  for  the  whole  quantity  of l*' 
ittood  in  the  body  being  about  40  pounds,  although  «i 
liave  supposed  it  only  20,  others  no  less  than  lOU,  there  ia 
reaK>u  to  believe,  that  half  of  this  quantity  is  contained  in 
the  weins  of  the  general  circulation,  and  that  the  other  half 
IS  divided,  nearly  in  equal  proportions,  between  the  pulmo- 
nary system  and  the  remaining  arteries  of  the  body,  so  that 
ibe  arteries  of  the  general  circulation  may  contain  about  9 
or  10  iiounds.  Haller  ullows  50  pounds  of  circulating 
fluid,  partly  serous,  and  partly  red,  aud  supposes  j.  of  this 
to  be  contained  in  uU  the  arteries  taken  together:  but  in  a 
determination  which  must  be  in  great  measure  conjectural 
we  cannot  expect  perfect  accuracy;  and  according  to  Hal- 
ler's  own  account  of  ihti  proportions  of  the  sections  of  the 
irteties  and  veins,  the   large  trunks  of  the   veins  appear  to 
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that  wt  cannot  attribute  to  Ihe  arterial  fjitem  leu  than  ^ 
of  the  trhole  blood. 
.  It  mny  be  iiapposed  that  the  heart  throwa  out,  at  each 
pui&alion.  tjiat  in  about  seveiily-li»e  timea  in  a  ininnte.  an 
ouiiceand  a  bulf  of  blood:  hence  the  mean  veWity  m  the 
aorta  becomes  eijrht  inches  and  a  balfiii  a  second:  and  the 
velocity  iu  each  of  the  succeeding  segmrnli  must  of  course 
be  Bmaller,  in  prapnrtirtn  as  the  joint  arena  of  all  the  corre- 
sponding sections  are  larger  than  the  area  of  tht^  aorta:  for 
exnrnple,  in  the  latt  order  of  vessels,  of  which  (he  diaoieter 
is  tile  eleven  hundredth  of  an  inch,  the  velocity  will  be  one 
ninety-third  of  an  inch:  and  this  rcnalt  agrees  suflicienlly 
well  willi  Hales'u  observation  of  the  velocity  in  the  capillary 
arteries  of  a  froij,  which  was  one  ninetieth  part  of  an  inch 
ouly.  It  is  true  that  Haller  is  dinposed  to  queittion  the  ac- 
curacy of  this  observation,  and  to  attribute  a  much  greater 
velocity  to  the  blood  flowing  through  the  capillary  vesselst 
but  he  did  not  attempt  either  to  measure  the  velocity,  or  to 
determine  it  by  calculation:  nor  is  this  the  only  instance  in 
which  Haller  has  been  led  to  reason  erroneously,  from  a 
want  of  inatheriiutical  knowledge:  he  may,  however,  have 
observed  the  particle*  ti(  blood  moving  in  the  axis  of  a  ve*- 
mI  with  a  velocity  n)u<^  exceeding  the  mean  velocity  of  its 
whole  cnuteDt4.  If  wi?  calculate  upon  these  foundations, 
from  the  formula  which  I  linve  already  laid  before  the  So- 
ciety,  it  will  appear,  that  the  resistance  which  the  friction 
of  lli«  arteries  would  occcasioo.  If  water  circulated  in  llitjm 
inslciid  of  blood,  with  an  equal  velocity,  must  amount  to  a 
lurce  equivalent  to  the  pressure  of  •  column  of  lifteen  inches 
ami  a  half:  lo  ihis  we  may  add  about  &  fouith  fur  tne  re- 
sihlaiice  of  the  capillary  veins,  aud  we  may  entiniate  the 
whole  frictou  for  water,  iit  twenty  inches.  The  only  cou- 
cnniideratle  part  of  tliis  force  is  derived  from  the  lerm 
-—;— —  in  the  value  of  _/":  the  term  increases  for  each  suc- 
ct'saive  seguirut  in  the  ratio  1  :  1*4^4^5  ^  1  :  it,  and  the 
aitm  ef  the  series  is  to   the    lirst   term,  sui to  I. 


f  }t  appears  a1«o.  that  n  verj'  ^mall  portioi 
'aiicc  is  created   in  liie  larger  vostle: 
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^^nntieth  divUiont  mt  the  distance  of  an  inch  snd  a  quarter  cept  in  tht  mt 
•oly  from  the  extreme  caijillary  arteries,  the  pressure  of  a  ""'*  '""  '■ 
ratufnn  of  one  twentieth  of  an  inch  only  is  required  for 
orercoming  the  whole  friction,  and  at  the  twenty-df^h  divi- 
non,  where  the  artery  doea  not  much  exceed  the  diameter 
•f  ■  human  hair,  the  height  to  which  the  valer  would  riie, 
in  a  tube  Hxed  laterally  into  the  artery,  is  only  two  inches 
■i-^t  than  in  the  immedinle  neighbourhood  of  the  heart- 
la  order  to  judgt-  of  the  comparative  resistance  produced  Be»l««nceo( 
t-  Buidi  of  different  degrees  of  viscidity,  I  employed  the  j'^l''*.^'^^.''"' 
.<me  tubes,  by  means  of  which  1  had  determined  the  fric- 
:ii>r>  of  water,  in  extreme  cases,  for  ascertaining  the  effect  of 
different  substances  held  in  solution  in  the  water:  since 
it  >«  impossible  to  make  direct  experiments  on  the  blood 
ia  its  Dfltural  ilaTe,  on  ac4;ouut  of  its  tendency  to  coagulate; 
■nd  those  gubsliince<i,  which  have  the  power  of  preventing 
its  coagulation,  liiuy  naturally  be  supposed  to  produce  a 
naterial  change  in  itji  riicidlty.  The  diameter  of  one  of 
the  tubes,  which  was  cylindrical,  was  the  furtieth  pnrl  of 
«ninch:  the  bore  of  the  other  wa9  oval,  as  is  usual  in  the 
finest  tubes  made  for  thermometers:  the  section,  divided 
bjr  one  fourth  of  the  circumference,  gave  one  hundred  and 
•e««nty  seconds  for  the  menn  diameter.  I  caused  BOme 
milk,  and  solutions  of  sugar  of  different  strength,  to  pa«s 
through  these  tubes  :  they  were  all  transmitted  much  more 
sparingly  than  water,  with  an  equal  pressuie,  and  the  dif- 
fetToee  was  more  considerable  in  the  smaller  than  in  tlie 
larger  tube,  as  might  naturally  be  rxpecled,  both  from  the 
natoreof  the  resistance,  and  from  the  result  of  Gerstner's  ex- 
periinents  on  water  at  different  temperatnres.  In  the  fim 
tube  the  resistance  to  the  uiotiou  of  mtlk  was  three  times  tis 
great  as  to  that  of  water,  a  solution  of  sugar  in  five  tiiaeH 
it4  weight  of  water  produced  twice  as  much  resistance  as 
water;  in  twice  its  weight,  nearly  four  times  as  much  a» 
water:  but  in  the  narrower  tube,  the  »eakrr  solution  of 
sugar  exhibited  a  resistance  five  times  as  great  as  that  of 
water,  which  is  more  than  twice  as  much  as  appeared  in  tbe 
larger  tube.  Hence  there  can  be  no  doubt,  that  the  resist-  ralrutsilm 
tance  of  tbe  internal  surface  of  the  arteries  to  the  mniioa  '""Wood. 
of  the  blood  must  be  much  greater,  than  would  be   found 
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in  the  cuse  of  water:  and  supposing  it  about  four  limea  as 

grtBt,  instead  of  SO  iiiclie;<,  v/e  shall  have  SO,  for  (he  measure 

I  of  which  the  pressure  U  capable  of  forciiig 

the  blood,  in  its  natural  course,  through  the  amuller  arteries 

and  veins,  which  agrees  very  well  with  Hales's  estimate. 

ilculi-        This  determination  of  the  probable  dimensions  nf  the  arte« 

founded  jia]  system,  and  of  tile  reslstaaceii  occasioned  by  its  different 

iiioiis.     parts,  is  in  some  few  respects  arbitrary';  ;it  the  same  titar'j 

that  it  cannot  be  materially  altered,  without  altering  eith^ 

the  whole  quantity  of  blood  contained  in  the  body,  the  diiH 

meters  of  the  iimallest  capillary  ve«aela,  the  mean  number^ 

of  bifurcalioii*,  or  the  magnitude  of  the  resistance,  a 

which  are  here  assumed  nearly  as  they  have  been  laid  dowE^ 

by  former  observers;  the  estimation  of  the  length  of  thi' 

successive  segments  onlj  is  made  in  such  a  manner,  a 

reconcile  these  data  with  each  other,  by  meuns  of  the  esi»j" 

rimenti  and  calcnlutions  relating  to  the  friction  of  fluids 

ifvaiure  pipes.     The  effeci  of  curvature  in  increasing  the  resistan 

a^bn     *"*  '"'^"  hitherto  neglected;  it  can  be  sensible  only  in  th* 

ice  terj  larger    vessels:    and    supposing  the    flexures   iif  these    to 

be  equivalent  to  the  circumferences  of  two  circles,  eacB 

two  inches  in    diameter,  the  radius  ^  being  I,  we  have  | 

■0000045P  r'  (ft 
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■bout  one  liflh  of  an  inch,  for  the  additional  resistance'' 
arising  from  this  cause  in  the  case  of  water,  or  four  tiftha  fo^ . 
blood,  which  is  a  very  inconsiderable  part  of  ihe  whole. 
oii<i  to  It  might  be  questioned  whether  the  experiments,  whichi? 
'*""  _  I  have  made,  with  lubes  yj,  of  an  inch  in  diameter,  ar^ 
sufficient  for  determining,  with  accuracy,  the  degrei 
which  the  resistance  would  be  increaaud  in  tubea,  of  whicli^ 
the  diameter  is  only  one  sixth  pnrt  as  great !  and  it  may  brf^ 
doubted  whether  the  analogy,  derived  from  these  cxperi-* 
roents,  can  be  safely  employed  as  a  gronnd  for  asserting," 
that  so  large  a  portion  of  the  arterial  pressure  in  employed^ 
in  overcoming  the  resistance  of  the  very  minute  arteries.* 
must  be  remembered,  that  these  experiments  an 
mclusive  with  respect  to  the  arteries  larger  than  ihe' 
mployed  in  them,  and  even  those  which  are  a  little 
';  so  that  the  remaining  pressure,  as  observed  in  ex> 
periment** 


But  it 
least  c 
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1   fM>rini«nta,  cuu  only  be  emptoyed  in  overcoming  the  resist- 
■o'-c  of  the  minuter  arteriei  antl  veiu^  and  th^je  obseiru- 

s  lend  therefore  iaimtidiuttly  to  codtirui  the  kUHlaj^y 
dnwn  from  the  experiment!  on  the  motiun  of  water.  It 
laiglit  iiidetrd  be  asaerted,  that  the  viscidity  of  the  blood  ex- 

ds  that  of  water  in  a  much  greatt:r  ratio  than  that  which 

i«re  usaijrned ;  but  tliis  is  reodtred  improbable  by  some 
ri|ierinie»ts  of  Hales,  in   nhich,  when  the  intestioea  were 

I  optfti,  on  llie  side  opposite  to  the  mesentery,  so  titat 
may  of  the  smaller  arteries  were  divided,  the  quantity  nf 
'nrtn  water  which  pa>sed  through  them  with  un  eijuitl  9rv«> 
lure,  was  only  about  twelve  tunes  as  great  ait  that  of  the 
Itloorl  wbirh  flowi  through  them  in  titeir  natunil  s'ale;  and 
jt  is  |irob«bIe,  that  at  least  three  or  four  times  as  much  «C 
my  fluid  must  have  passed  through  them  in  their  dtvid«di 
u  lit  their  entire  stale,  unless  we  suppo-e  that  the  roiils  of 
ihi;  divided  vessels,  like  many  other  muei:uUr  |Kirt-,  iirc  ca- 
p«bte  of  being  contracted  by  the  contact  of  uattT.  In  sortM: 
other  experiments  it  was  found,  that  a  moderute  degree  of 
[treasure  was  capable  of  causing  wuter  to  exLtdi'  ho  copiously 
through  the  «shalant  vessels  of  the  iniestiuis,  (liat  it  pUMed 
thron;;b  the  aorta  with  a  velocity  of  abont  two  incites  in  a 
secoinl,  although  these  vessi'ls  do  not  iislurally  allon  any 
passa^  to  ihe  blood:  on  the  other  hand,  it  sometimes  Iwp- 
peoed,  that  very  liille  water  would  pass  Ihrough  aoth  thao- 
uela  as  nnturully  transmitted  n  much  lurger  i^iiantily  of 
blood:  a  cirrnmstance  which  Dr.  Hulea  very  jodicioujy 
Bltributes  to  the  ooiing  of  the  water  into  the  itlluhir  mtm* 
branv  surrounding  the  vessels,  by  means  of  which  ihey  wwe 
eoinpresseil,  and  their  diumeters  lessened.  Uu  the  wLuIr, 
it  is  not  improbable,  tbul  in  some  caeea  ihc  re»isl4iiK.-c,  op- 
posed 10  the  motion  of  the  blood,  timy  exreed  tliat  ol  water 
in  a  ratio  somewhat  greater  than  [  have  assigned  ;  but  this 
must  be  in  the  luinute^t  of  the  vessels,  while  in  the  larf^er 
arteries  the  disproportiuii  must  be  less :  so  thai,  however  we 
isay  view  the  subject,  it  B|ipeurs  to  be  esliitlishtd,  that 
the  only  coa»iderah1e  resistance,  wind)  the  blo"d  experi- 
eucea,  occurs  in  the  extreme  capillary  arteries,' of  which  the 
'  diameter  scarcely  exceeds  the  hundredth  part  of  an  inch, 
^ft        H'e  caotiot  vuppose,  that  ihc  dimentious  of  ihe  saiig.iire-  TlietmiJi,/ 
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einrncnee    rous  system  igre^  nniforml}',  In  all  its  part*,  with  them 

noiafffciMbTg,,^,  which  I  havp  laid  down;  hnt  the  iroth  of  ihe  iiirereacs"^ 

ihai  mir  be     is  not  afTected  by  these  variations.    For  esBinple,  ther 

ihc'd™^''  ■"     pc''h«p«   be  some  arteries   cominanicating  with   veins,  of  J 

which  the  diameter  exMeds  the  eleven  hundredths  o 

ifH'h;  but  there  aie  cprlainly  niHny  others,  which  are  much4 

more  minute ;  and  ihe  blood,  or  its  more  liquid  |>arts,  paB»*1 

ing  throiigh  iht^se  more  slowly,  it  must  move  mure  rupidlj' 

iu  the  former,  so  thnt  the  resistunee  may  in  hII  be  equal   to 

the  pressure,  and  the  mean  velocity  may  still  remain   such 

as  is  determined  by  the  quantity  of  blood  passing  thruu;fh 

SliBoftha       theaorta.     There  is  indeed  sonte  uni-ertainty  in  the  me«- 

btouL*"'''"  """*  "^  '^"^  globules  of  the  blood,  which,  I  have  made  the 

banis  of  the  dimensions  of  the  minute  atttriies:   and   1   have 


r«son  to  think,  that  instead  of  x^-,  of  an  inch,  their  great- 
est diameter  doe*  not  euceeil  tb'si'  or  even  jeVo'  'lie  ge- 
neral results  of  the  investigation  are  not  however  atTected 
by  this  difference :  it  will  only  require  ua  to  suppose  the 
Kuhdi visions  somewhat  more  numerous,  uud  the  branches 

These  are  the  principal  circumstances,  which  require  to 

lie  considered,  with  respect  to  the  simple  trauBinissio.i  of  Ihe 

blood  through  the  arteries  into  the  veins,  nlthout  regard   to 

the  alternate  raotionB  of  the  heart,  and  to  the  elaiitii-  and 

Nstura  and  ve-  njuscular  powers  of  the  vessels.     1  shall  next  examine  the 

loeiijofihe     nature  and  velocity  of  the  propagation  of  the  pulse.     The 

ttapulM.         successive    transmtsaion    of   the    pnlsatioos   of    the    heart, 

through  Ihe  length  of  the  arteries,  is  eo  analogous  to  the 

motion  of  the  waves  on  the  surface  of  water,  or  to  that  of  a 

sound  transmitted  through  the  air,  that  the  same  calcula* 

tioni  will  serve  for  determining  the  principal  affections  of  all 

these  ki^d^  of  motion ;  and  if  the  water,  which  is  agitated 

by  wave!!,  is  supposed  to  flow  at  the  siime  time  in  a  conii- 

iiiietl  stream,  and  the  air  which  conveys  a  sound  to  be  car^ 

rit'd  foiwards  also  in  ihe  form  of  a  wind,  the  similitude  will 

tls.rticiiv  of     be  still  siroUf^er.     The  coai»  of  the  arteries  may  perhaps  be 

•cinie.  considered,  without  much  iuaccuraey,  as  perfectly  elastic; 

th^t  U,  as  producing;  a  force  proportional  to  the  degree  in 

which  they  nre  extended  beyond  their  natural  dimensions; 

but  ii  is  not  iitipo's.ilile,  that  there  may  be  some  bodies  in 

nature. 
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nntuie.  which  differ  r 
ci»lly  where  t!ie  distei 
mny  be  subHtances,  i 
portion&l  to  (he  rxces 
length,    beyond 


aterially  from  this  genernl  law,  espe-  The  '»"  of 
(ion  bei-omes  considerable :  thui  there  *„.f^''''  "*' 
hich  exhibit  a  forci-  of  legion  pro- 
of the  squure,  or  the  cube  of  their 
tain  given    qoantiiy.       It  li    safest 


I  tberefbre  to  reason   upon  the  elasticity  of  «ny  substance, 

lAwQ  exiieriinents  mflde  without  any  great  deflation  from 

I  tfae  circnmHtances  to  whiuh  the  cutcuUtion  is  to  be  upplied. 

For  Ihia  pur()oac,  we  umy  again  employ  some  of  the  many  Velocity  of  (ha 

icicellent  experiments  contained  in  Hales's  hceroastotics. 

,  appears,  that,  nheii  any  umal!  alteration  was  made  in  the 
qoautity  of  blood  contained  in  the  arteries  of  an  animal, 

^tlie  height  of  the  column,  which  measured  the  preHaure, 
8  altered  nearly  in  the  same  proportion,  at  far  as  we  are 
capable  of  eatimatiiig  the  quantity,  which  was  probably 
II  the  larger  veesch  of  the  animal.  Hence  it  fol- 
lows, that  the  velocity  of  the  pnlie  must  be  nearly  the  same 
■•  that  of  iiii  impulse  transmitted  through  au  elastic  fluid, 
under  the  pressure  of  a  column  of  the  name  height,  as  that 
which  measures  the  uctuul  arterial  presBure:  that  is,  equal 
to  that  which  is  acquired  by  a  heavy  body  falling  freely 
through  half  this  height.  In  man,  this  velocity  becomes 
about  lifleen  feet  and  a  half  in  a  second ;  to  which  the  pro- 
gressive motion  of  the  blood  itself  adds  about  eight  inches; 
and  with  this  velocity,  of  at  least  sixteen  feet  in  a  second, 

il  may  eaaily  happen,  that  the  pulse  may  appear  to  arrive 
at  the  most  distant  parts  of  the  body  without  the  inter«en> 
lion  of  any  very  perceptible  interval  of  lime. 

The  velocity  of  the  transmission  of  the  puhe  being  Dcgreeofdilb- 
kDOwn,  it  is  easy  to  determine  the  degree  in  which  the  nr-  '^"^'^  "" 
lerin  are  dilated  during  its  passage  through  them.  The 
mean  velocity  of  the  blood  in  the  uorta  being  eight  inches 
and  ■  half  in  a  second,  its  greatest  velocity  mnat  be  about 
three  times  as  tnach,  since  the  cuutraction  of  the  heart  is 
supposed  to  occupy  only  ubont  one  third  part  of  the  inter- 

.  »al  between  two  successive  pulsations;  and  if  the  velocity 
of  the  pulse  is  sixteen  feet  in  a  second,  that  of  ihe  blood 
itself  mu«t  be  about  one  ei^^hth  purt  as  great ;  so  thul  the 
column  of  blood  occupying  eight  inches  may  occupy  only 
•even  :■  hmce  the  diameter  must  increase  in  the  ratio  of 
VoL.XXVn— Sept.  1610.  1"  about 
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about  fifteen  to  sixteen.    The  tension  will  also  become  one 
eighth  freater,  and  the  force  of  the  heart  must  be  capable 
of  sopfi^rting  a  column  of  one  hundred  and  one  inches. 
^  Thi^i  force  would,  however,  require  to   be  somewhat  in- 

creased, from  the  consideration,  that  the  force  required  at 
the  end  of  any  canal,  during  the  reflection  of  a  {.ulsation 
or  wave  of  any  kind,  is  twice  as  great  as  the  force  £;[erted 
during  its  transmission ;  and  the  force  employed  in  the  ori- 
gination of  a  wave  or  pulse  in  a  quiescent  (laid  is  the  same 
ns  is  required  for  its  reflection  ;  on  the  other  hand,  a  weaker 
pulsation,   proceeding  into  a   narrower  channel,  becomes 
more  energetic,  so  that,  from  this  consideration,  a  force 
somewhat  smaller  would  be  required  in  the  heart:  on  the 
whole,  however,  it  appears   probable,  that  the  former  of 
these  corrections  must  be  the  more  considerable,  and  that 
the  force  of  the  heart  must  be  measured  by  the  pressure  of 
a  column  rather  more  than  less  than  one  hundred  and  one 
inches  high:  nor  would  this  force  by  any  means  require  a 
strong  exertion  of  muscular  power ;  for  it  only  implies  a 
tension  of  something  less  than  thr^e  pounds  for  each  inch 
of  the  circumference  of  the  greatest  section  of  the  heart ; 
and  supposing  the  moan  thickness  half  an  inch,  an  equal 
number  of  the  fibres  of  some  other  mascles  of  the  body 
\^ould  be  capable  of  exerting  a  force  of  more  than  two  hun- 
dred pounds,  in  the  state  of  the  greatest  possible  action* 
-I'he  (ofcc  The  force,  here  asi^gned  to  each  pulsation,  agrees  ex- 

agrees  with  an  tremcly  well  with  the  inference,  that  may  \ye  drawn  from  an 
experiment  of  ."^  -»,  .  i  ^..iii- 

hiAea,  experiment  of  Hules,  on  the  ascent  of  the  blood  in  a  tube 

connected  with  an  artery  of  a  horse.     The  whole  height  of 
the  colurpn  being  nine  feet,   the  blood  roFe  about  three 
inches  higher  during  each   pulsation,  which  was  repeated 
fifty  or  sixty  times  in  a  minute:   now  we  may  suppose  the 
acceleration  to  have  extended  a  little  beyond  the  first  Imlf 
of  the  space  thus  described,  so  that  two  inches  were  de- 
scribed in  two  fifths  of  a  second  ;  and  if  there  had  been  no 
friction,  nor  any  other  cause  of  retardation,  there  can  be  no 
doubt,  that  at  least  four  inctx^s  would  have  been  d|?scribed 
in  the  same  time;  but  the  same  column  of  nine  feet,  if  it 
had  been  actuated  by  its  own  weight,  would  have  described 
thirty  one  inches  in^  the  same  time?  consequently  the  force^ 

with 


oii  TtfE  FUHCTiovs  6t  mtt  dslRT  AND  ABfeRrEi.  S7 

ith  which  tfie  blood  w  >     forced  through  the  artery,  wai 
Mtly  o     eighth  <'f  ih?  nbo  v  force  of  tension,  us  it  upiieari 

the  lormercskululloo. 

The  magnitude  of  the  pulse  mu^t  dimin'sli  in  the  sniuHer  Diminittion  of 
teries  in  the  sobdoplicnte  proijortioa  of  >he  mtreust-  of'!'    '"■''•i" 

.       ,  ,  .  „  .  .  the  tioaU«i  at- 

«  joint  oreas,  m  tlie  Bume  uiiniurr  us  thifintensity  of  aouitd  teiiet. 
•huwD  lo  decrease  in  diverging  from  a  c-mre,  in  the  suh- 
iplicate  ratio  of  the  quiiiility  of  roatlcr  affected  by  ita  ino- 
fon  at  the  tamt'  time.  For  i.'xainple,  in  the  arteries  of  the  ' 
Ifenth  order,  of  which  the  diumeter  is  oue  thirteenth  of  hd 
Bch,  its  magmtiide  must  he  only  one  third  a>  great  as  in 
irtM,  that  ii,  the  greatest  progreesive  velocity  of  the 
blood  mtiHt  be  ei^hl  iuchasaud  u  hiilf  in  a  second  only,  and 
the  dilatation  oiiehrtii.-lh  part  only  of  the  diunieter.  Imhe 
B  of  the  twentieth  order,  the  dilatation  d"es  not  es- 
feed  TffB  of  the  diiimeter.  whiih  is  ittelf  the  HOlh  |>art 
ntyofan  inch;  so  that  it  is  not  surprisiog,  Uiut  llullir 
rfioaid  hui'e  been  unable  to  discover  any  dilatation  in  vea- 
■feUofthete  dimeusious,  even  nith  the  assistance  of  a  pow- 
erful uicroacnpe.  11'  we  eKlimaled  the  magnitude  of  the 
pnlx  In  the  aorta,  from  the  excess  of  the  temporary  above 
the  meaa  velocity,  whicli  nou1d  perhaps  he  justifiable,  that 
ai>gnitude  would  be  still  Imn  considerable. 

These  calculations  aijrec  estremely  «dl  with  each  other,  Velocity  of 
Vnd  with  experimfiiit,  as  far  ae  they  relate  to  the  power  of  'jj"  j""'"  *" 
ibe  heart,  and  the  affections  of  the  ainaller  arteries.     But  teiin  moi« 
Aereitreuson  to  think,  that  the  velocity  of  the  pulse  jn  <;™'^*'»*''' 
Oiehirger  vesels  is  much  more  considerable,  than  has  been  iui«l. 
liere  s:ated;    and  theii  Uiliilatiait  is  also  less  conspicuous, 
when  they  are  exposed  to  view,  than  it  would  probably  be, 
tere   as  great  uj  is  infetred  from  the  velocity  here  as- 
i^ed,     I  hove  demontitrated  in  ihe  hydraulic  investigations 
•htch  I  lately  laid  before  the  Royal  Society,  that  thi'  velo- 
city of  an  iiupulsi;  pasi^ing  throtigh  a  tube,  consisting  of 
perfectly  elastic  materials,  is  half  a*  great  as  that  of  u  body 
supposed  to  have  fallen  from  the  given  point  to  the  buse 
erf  the  modular  column  of  the  tube  ;  and  that  the  height  of 
(iloran  is  such,  that  the  tubu  would  be  extended  with- 
out limit  by  its  pressure  :   consequently  it  must  be  greater 
thttD  the  height  of  a  colnmu  equivalent  to  the  prcsiiire 
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Pressure  re-  by  which  the  tcibe]  is  burst.  Now  it  has  been  ascertained 
S5l!^rotWs  of  ^y  Dr.  Hales,  that  the  pressure,  required  for  bursting  one 
a  dog.  of  the  carotids  of  a  dog,  is  equal  to  that  of  a  column  of 

water  one  hundred  and  ninety  feet  high ;  nor  does  he  re- 
mark, that  the  artery  was  very  materially  dilated ;  and  de- 
ducting from  this  height  the  five  feet,  which  express  the 
actual  pressure  in  the  arteries  of  a  dog,  the  remaining  one 
hundred  and  eighty  five  feet  will  give  a  velocity  of  at  least 
fifty  four  feet  in  a  second,  for  the  propagation  of  the  pulse 
in  the  dog.  It  is  not  however  ascertained,  that  all  the 
membranes,  which  may  have  surrounded  the  artery  hi  this 
experiment,  are  called  into  action  in  its  ordinary  pulsa- 
tion; much  less  that  the  force,  developed  by  their  tension, 
varies  precisely  according  to  the  general  law  of  perfectly 
elastic  bodies;  but  this  mode  of  calculation  is  still  amply 
suflBcient  to  make  it  probable,  that  the  velocity  of  the  pul- 
sations, in  the  larger  arteries,  must  amount  to  at  least  forty 
feet  in  a  second,  although  some  very  considerable  deductions 
must  be  made,  on  account  of  the  resistances  of  various 
kinds,  which  cannot  be  comprehended  in  the  calculation. 
The  artery  The  artery  must  not  be  supposed  to  subside,  immedi- 

doei  not  iub-    ^^^\y  ^ffg,.  ggj,|j  pulsation,  precisely  to  its  original  dimen- 

■ler  dimeo*  sions;  since  it  must  remain  somewhat  fuller,  in  order  to  sup- 
siont  immedi-  p]y  ^jj^.  capillary  arteries,  and  the  veins,  in  the  interval 
between  the  two  successive  pulsations :  and  in  this  respect 
it  differs  from  the  motions  of  a  wave  through  a  canal,  which 
is  open  on  both  sides:  but  the  difference  may  be  under- 
stood, by  supposing  a  partial  reflection  of  the  pulse  to  take 
place  at  every  point  where  it  meets  with  any  resistance, 
which  will  leave  a  general  distension  of  the  artery,  without 
any  appearaoce  of  a  retrogade  pulsation. 

fTo  be  concluded  in  our  next.  J 
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rttersfrom  Dr.  William  Roxburgh,  o/Calniia,  i 
C.  Tayi-oe,  Secreltsiy  Id  the  Socielij  of  AtIs,  ^'c, 
rious  Natural  Production)  of  ihe  East  Indies*. 

My  DBAit  Sta, 
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T  will  give  you  pleasure  to  learn,  that  I  and  my  family 
•rived  at  Beiigul  in  very  good  lieallh.  1  have  not  had 
uch  lime  to  pre|)Bre  any  kind  of  commuDication  for  ihe 
>ci«ty,  but  shall  not  be  idle.  1  trust  that  I  «!iall  by  (.-arly 
nvej-atice  leceive  your  letter  from  Dr.  Hunter,  the  Sc- 
ot" our  Asiatic  Societj-,  to  accompany  the  copy  of 
TransacttonM  of  ibe  Society  of  Arts.  Tell  me  what  i8£j,rjj,of  i, 
thought  of  the  entract  of  the  gaub,  or  tannin,  I  «ent  you  or  unuiu. 
irepared  from  the  fruit  of  dioapjros  glutiuosns,  or  rather 
mbryopteris  glulinifera,  Coromandel  Plants,  Vol.  I,  No.  70; 
Du  tinow  you  ttere  only  junt  put  into  a  way  of  getting  it 
roni  the  Indiu  bouse,  wliea  I  left  you. 

I  propose  to  get  Mr.  Conper,  the  surgeon  of  the  sfaip  we  pit„„of  , 
ame  out  in,  to  carry  tliia,  and  a  sample  of  the  libres  of  No.  shrubby  >pe- 
of  my  lait  conKnunicQtion,  on  the  Comparative  Strength  ""''         * 
tx.  of  the  Plant  called  CaJooee  by  the  Malays,  see  Vol. ^4, 
page  148t-     1  "^^o  cultivate  this  plant  to  any  extent,  as  it 
[TOWS  readily  from  slips  and  cuttings,  is  perennial,  and  yeld* 
bree  or  four  cutting,  or  crops,  annually ;  but  the  cleaning 
iT  the  fibred  from  the  glutinous  6eshy  exterior  coat,  with 
wbich  they  are  covered  and  intermixed,  is  uncommonly  dif' 
icult.     It  has  been  Mmply  acraped  off  in  the  sample  I  now 
mi  you.  wbirh  I  thiuk  you    may  present  lo  the  Society, 
hongh  1  fear  thii  letter  m  written   iu   too  great  a  hurry  for 
beir  atlenfiun.     I  Iv^  of  yon  lo  try  to  procure  me  all  the 
iiformatioti  you  can  relative  to  cleaning  such  fibres.  When 
be  shoots  ore  cut,  the  bark  peels  off  most  readily,  but  no 

•  Tniu.  or  the  Sodety  of  Art*,  vol>.  XXn  lad  XXVIl. 
t  Sec  Jouniat,  vol.  XVI,  p.  3fi6,  ais. 
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kind  of  wasbiDg,  coction,  or  maceration,  that  I  have  yet 
been  able  to  think  of,  is  of  any  use  in  cleaning  or  freeing 
the  fibres  from  the  exterior  coat ;  the  best  way  I  have  yet 
tried  is  scraping  off  this  coat,  as  they  do  the  pulpy  part  of 
the  wild  plantain,  or  abaca  at  Manilla;  see  Annals  of  Bo- 
tany, ToL  1,  p.  300;  but  such  a  process  will,  1  fear,  be  top 
expensive  for  calooec  hemp,  though  I  know  it  is  much 
stronger  than  any  thing  of  the  ktnd  I  could  ever  procure 
from  the  plantain  tree  indeed  next  to  jeetfe;  this  fibr^  is 
the  strongest  vegetable  fibre  known  to  me. 

Hemp  from  iu  I  have  put  up  two  small  samples  of  the  calopee  hemp. 
No.  1  is  prepared  as  before  mentioned,  by  scraping  ^ff  the 
exterior  coat  as  soon  as  the  bark  is  pulled  off*  This  has 
been  cut  and  cleaned  within  these  two  weeks.  No.  2  is  the 
bark  peeled  off  and  dried  in  that  state,  and  is  about  one 
year  old,  consequently  done  while  I  was  in  England.  No. 
1  seems  to  me  to  be  as  clean  as  the  generality  pf  Rfissiaa 
hemp.  Pray  let  Lord  Dundonald  see  this  substance,  and 
make  my  best  respects  to  his  lordship  when  you  set  him  ^ 
he  may  be  able  to  advise  me  how  to  proceed  in  cleaning  it 
iu  the  first  instance. 

Orange  dy«.         Remember  me  to  Dr.  Bancroft,  and  %e\\  him  I  have  not 
forgot  the  orange  dye,  wassuutagonda,  a  powder  procured 
'  from  the  outside  of  the  capsules  of  my  rottleria  tinctoria ; 
I  roust  procure  it  frooa  a  distant  countr}*. 

Gum  kuteera.  I  have  been  this  instant  looking  over  the  twenty-first 
Volume  of  your  Society's  Transactions,  and  think  it  may 
be  agreeable  to  you  to  know,  that  the  tree  which  yields  the 
gum  kuteerGf  page  423,  is  my  s.fERCULiA  uuens.  fSee 
Coromahd^l  Plants,  Vol.  /,  No.  24.^ 

I  am,  &c. 

W.ROXBURGH. 

CaUuita,  Sepuao,  1807* 


My  Dear  Sir, 

Since  I  wrote  to  you,  on  the  20tli  of  September,  by  the 
ur^on  of  the  Baring,  who  carried  for  you  samples  of  the 

Malay 
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Malay  hemp,  callcii  caloope,  1  have  reci-iveJ  your  letter  of  Mvrob«lMt 

th  of  Mnrcli,  iiilLiideil  to  oviMtjike  me  at  PnrtHinuuth,  S*"*' 
Mild  I  thunk  you  for  tlie  [juios  yoii  have  taken  about  niy  ~  "  ""* 

inyrobalau  galh.  if  the  vuLne  uf  them  is,  by  this  experi- 
Ineiiti  SBii:rtaiiie<l,  I  shnU  the  less  rvgrot  the  gj«at  loss  I 
have  Mtstai lied  by  thein.  V'ou  will  be  able  to  leurii  this 
from  Mr.  Oesanges  anil  let  me  know. 

Vou  have  now  learnt^d  how  to  f;et  a  treosnry  onter  for  EKiraei  of  thr 
■ny  thins  '  "'"J"  eeiid  the  Society,  I  shiill  therefore  he  m-^'"''''""- 
cooraged  to  trouble  you  ofteuer,  aiid  just  now  with  four 
|raBnd!>  and  a  half  of  the  extract  of  gnub  fruit,  (ghbkyop- 
TKRr»  OLUTiKiFER*,  Coromtautrl  Pliail),  Vol.1,  !Vo.70j, 
.  \n  perfeetinn,  and  the  extract  \-i 
The  former,  whidihy  the  above 
-II  yoii  were  about  to  receive,  was 
The  fruit  (o  iniike  thin  ijuaiitity  of 
id  a  half,  cost  sixpence,  and  the  e*- 
liense  of  making  may  be  as  much;  tlus  information  uill 
the  better  enable  the  Society  lo  uneertain  whether  or  not  it 
cut!  be  uteful  to  taiiucrs  or  others  111  Englund.  The  rati; 
et'  freight  you  can  hciti^r  determine  tlian  I  can  here. 

Tlie  little  bos  is  not  tjuite  full  with  the  extract.     I  have  calo»e«lie«^. 
filled  it  with  calooee  hemp,  the  produce  of  the  second  cut- 
ting of  the  same  plants  in  two  months,   mo  I   may  safely 
conclude  four  crops  or  cuttings  may  be  hud  annually. 


Biadtf  with  cold  water, 
mentioned  letter  I  leu 
made  with  hot  water, 
extiact,  four  pounds  a 


la 


,  &c. 


W.  ROXBURGH- 


My  d-ar  Sir, 

To  cnnviiicc  you,  thwt  I  have  not  forgot  the  Society  nor 
you,  I  send  you,  above,  copies  of  two  let<.cia  which  I 
huv>-  wriitfn  lo  \mk  since  mv  return  to  thie  place.  1  also 
ciivion:  u  letter  from  the  Secretary  of  the  An^tic  Pocii'ty, 
to  coimnci!  you  that  1  have  been  a  fuit'  f  .1  arent  iic  <':i  - 
blwhiflg  conne<^ian«  between  tlie  two  Societies. 

U'  you  fslue  our  lobourit  as  we  do  ourwlves,  tlie 
Calcutta  price  of  each  volume  being  fifty  rupees,    m 


Sun  lisnp* 


Eaft  India 
otnvM* 
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crowns,  you  will  also  see  we  have  not  been  insensible  of  th« 
attentions  of  the  Society  of  Arts. 

I  am  not  relaxing  in  my  pursuit  after  substitutes  for 
hemp  and  flax ;  some  more  experiments  are  beginning, 
and  are  very  far  advanced,  which  promise  success,  that  is, 
cultivating  our  sun  or  Indian  hemp,  during  the  dry  season, 
as  practised  at  or  near  Bombay,  and  at  Malabar,  where 
their  sun  or  hemp  has  been  reckoned  in  London  equal  to, 
if  not  better,  than  the  best  Russia  hemp. 

Canvas  is  now  made  here  in  very  large  quantities  by 
two  or  three  clever  Europeans,  from  the  common  sun  plant 
of  this  country,  of  so  very  good  quality,  as  to  have  nearly 
superseded  English  canvas  throughout  India.  This  is  gain- 
ing a  great  point,  if  England  should  ever  be  pushed  for  the 
raw  material,  as  the  freight  of  canvas  from  hence  to  Europe 
will  be  trifling  when  compared  to  the  freight  of  the  raw 
article. 

I  was  told  in  England  that  lignum  vitie  was  becoming 
scarce  and  dear.  I  am  inquiring  after  a  substitute,  but  hi- 
therto without  any  pointed  success.  Should  I  meet  with 
any  kind  of  wood,  that  promises  well,  I  will  send  the  So- 
ciety a  specimen,  and  another  spepimen  of  a  kind  of  very 
Ekfint  black  beautiful  elegantly  veined  black  wood  for  furniture,  called 
'^•^  •**  here  «rt^uiL 

I  reraiMDy  yours,  very  sincerely, 

W.  ROXBURGR 

Botmtk  Garden f  nter  CaJctUta, 
Feb  9,  180S. 


LigntimvitB. 


Resin  of  vale- 
rit  iDdtca.  - 


Elactnc  by 
fkietion. 


My  dear  Sir, 

Since  my  last,  of  the  9th  of  February,  this  year,  I  have 
got  some  farther  matters  to  communicate.  In  the  first 
place,  this  will  be  accompanied  by  a  sample  of  the  resin  of 
the  large  Malabar  tree,  called  by  botanists  va/^ria  tnifica*. 
It  appears  to  me  to  resemble  amber  more  than  copal.  It  may 
perhaps  be  very  pure  copal,  and  in  this  state,  like  amber 

•  No.  1564  of  my  drawings  of  Indian  Plants,  soot  to  the  Court  of  Di- 
fectofSa  ' 

f*  when 
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n  rubbed  on  (lapM,  a*  I  l-.ave  Ihis  tnoroent  tried  it,  eshi- 
btta  eleirtric  powers,  by  nttmctiii^  small  bits  a\'  ])SptT,  fea- 
thers, tte.  I  lionever  do  not  mean  to  point  out  its  'Qualities, 
hat  nther  send  this  supple  for  information,  V<^[Uf^ting  you 
toget, it  esaminod  by  Bome  well-qualified  pprsons,  and  let 
e  fcoow  the  resnlt.  Largu  ([uaiitities  may  be  liad  in  this  . 
nintry  tii  send  to  Europf,  if  it  is  foond  u.icful,  uiid  will 
T  in  price. 

There  is  brought  annually  from  Muscat  in  Amhia  to  tliis  A  (iniilar  raii 
yarket  conKidenible  quantities  of  s  similar  rfiio,  utHot  the '*'''*'""'*" 
'enl&n  name  kaltroha,  which  lui^iiifiesi  amber:  aomr.  of  this 
have  abii  the  pleaaure  to  send  you,  and  also  btg  to  be  in- 
fbrtnt^  of  iti  nature  and  ijiialitits.     The  purest  pieces  aro 
suiceptible  of  a  tine  polish,  and  are  here  cut  iiito  beads  aiul 
onwnients,  nhieli  are  much  ivom  by  the  natives  tL>i  well  a» 
£urope&u  ladieit.     I  onip  saw  a  very  beautiful  string  of  there 
suit  to  En^Uiid  under  the  name  of  amber  beads, 
moBt  beautiful  iuiilici'-ooloured  pieces  are  therefore  the 
valuable,  andarcxold  for  about  a  ^^liiilling  the  pound  by 
retail  in  the  ba/ar.     The  less  pure  piece's  and  the  green- 
coloured  are  nt  u  much  lower  rale.      My  correspondent, 
who  reoides  where  the  tree  grows  in  the  elevated  lands  of 
Malabar,  »eiit  me  chiefly  grreen  pieces,  thinking,  no  doubt, 
tjiey  were  the  most  beautiful,  niid'  would  therefore  be  the 
acceptable. 

In  the  9th  volume  of  the  Researches  of  the  Asiatic  Society  oHljanum, 
t  Calcutta  is  a  paper  on  olihanum,  by  Mr.  Colcbrook,  the 
I  {itcflidcnt ;  Mime  of  this  articlt,  which  he  whs  so  good  as  to 
I  «iw  me  to  send  to  the  Society,  will  aceompany  tins  letter; 
I  «e  both  wish  you  would  get  it  examined,  and  favour  ux  with 
[■account  thereof  us  early  ns  possible,  particularly  if  send- 
■  ing  il  to  London   for  sale  can  answer  any  good  purpose.     I  , 

■lave  not  vtt  got  any  thing  which  I  think  will  answer  for 
¥  lignum  vitoc,  nor  have  I  yet  got  the  log  of  black  wood  (seet- 
I  sanl,  Bind.)  menlioited  in  my  last  letter,  in  the  ^.^meparcel 
kwitb  your  three  specimens  above-ineutionerl,  I  have  put  on* 
koftherewQ  oi  vaUria  iniica,  and  one  of  olJbanuni,  for  the 
I  ConpanyS  Museum,  which  I  request  you  to  send  with  my 
complimenta 


.  onwni 
|H£urot 
Hbeads 
^■Tben 
^"  Boost' 


tjg  etJLTIVAVOK   OP  POPPIES  WITH  CiRROTS. 

but  too  much  moi&ture  is  more  dangerous  than  drought. 
When  the  weather  is  dry,  it  will  be  necessary  to  give  them 
k  little  fresh  water  now  and  then,  the  periods  and  quantity 
cannot  be  pointed  out  in  any  instructions,  as  the  state  of  the 
weather  must  be  the  guide. 

Directions  whereto  place  the  chests  cannot  well  be  given, 
as  that  will  m  a  g^eat  measure  depend  on  the  size,  structure, 
&c.  of  the  ship.  In  our  Indiamen,  round  the  capstan  on  the 
quarter-deck  seems  the  best  on  many  accounts.  The  greatest 
danger  in  such  a  situation  is  while  the  deck  is  washing  in 
the  mornings,  the  boxes  must  then  be  shut,  and  covered  with 
k  piece  of  canvas,  or  something  to  prevent  the  salt  water 
getting  in  between  crevices. 

When  plants  from  a  cold  climate  get  into  a  warm  one» 
they  shoot  most  luxuriantly,  and  often  kill  or  choke  one 
another;  the  longer  shoots  must  therefore  be  frequently 
shortened,  and  as  many  of  the  leaves  thinned  as  will  give  the 
rest  air  and  room.  Insects,  particularly  caterpillars,  often 
make  their  appearance  about  the  same  time,  they  must  be 
carefully  picked  off. 

KeAtft  and  sue-      Baskets  with  roots,  (such  as  potatoes,  &c.)  or  succulent 

cuiem  p  ants.  p]j^|^^g^  j^^y  [jg  hung  up  in  any  cool,  airy  place,  such,  for  ex- 
ample, as  the  projecting  part  of  the  deck  which  covers  the 
wheel  in  our  Indiamen,  or  hung  over  the  stern,  but  in  that 
case  the}-  must  be  covered  wiih  a  tarpaulin  or  painted  canvas. 

SeetU*  Seeds  ought  to  be  kept  in  a  cool,  dry  place,  and  never  put 

below  in  the  gun-room,  hold,  or  lower  deck. 

**^*^'  Koots  ought  to  be  packed  in  dry  sand,  after  being  mode- 

rately dried,  and  despatched  in  any  ship  that  sails  about  the 
close  of  the  year. 


V  IX. 

Cultivation  of  Poppies  with  Carrots^. 

C»rrot*8d-       J  N  some  parts  of  Gcrraany  poppy  and  carrot  seedit  are 
-geouby    ^yfQ  to;^etheR»     On  light  soils  the  poppy  branches  out  bilt 

*  Svnnlnrt  BibUoth.  PbyEico-^conom.    Oct.  isoa,  p.  391. 

little. 
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BitUei  and  ita  roots 
lieiilg.  The  carrot  ci 
serves  them  from  di 
ground :  ut  the  fatni 


■  scarcely  sheUered  from  the  strong  culiWaicd  wiih 
rs  these  roots  wilh  its  leaves,  and  pre-  1"1'P'"' 
ght,  by  retaioing  the  moisture  in  the 
ime  it  allows  the  poppy  to  enjoy  the 
d  cannot  injure  it  in  the  ground,  as 
iu  root  strikes  perpendicubrly  donnnard,  while  that  of  the 
poppy  ramiliej  near  the  surface.  Id  this  way  the  produce 
of  the  ground  is  doubled.  An  experiment  shons,  that  the 
poppy  is  not  injured  either  in  the  quality  or  i^uantily  of  i(« 
prodoce  by  this  practice. 

Carrot  seed  was  sown  in  the  intervals  between  the  poppiet  CukulaiiuQ  a£ 
Oti  ■  quarter  of  na  acre  of  land.  The  hurvest  produced  3  P^'^^f* 
simmers  [near  7  bushels]  of  pippy  seed,  from  which  were 
expressed  13  quarts  of  clear  and  well  flavoured  oil,  and  SI 
pints  of  thicker  oil.  The  former,  at  the  current  prica  of 
36  krentz.  [U.  Sd.]  a  quart,  and  the  oil  cakes, at  3  kr.  [near 
1  Irf."]  apiece,  fetched  W  8.  4i  kr.  [£i  15j.].  This  [k  ex- 
VUi'iive  nf  the  thick  oil,  the  carrots,  aud  the  tops  ol"  lia-  cur- 
by  tlie  cattle  as  fodder. 


wiih  Hix 


wJOflhod  of  pmeTxini;  and  keeping  in  Vigonr  Fruit  Tree* 
planted  in  Orchards  or  fVeWi  •. 

fix  lias  been  observed,  that  the  numerous  roots  of  the  herb- uprijige  injtf 
sge  grottiiig  round  fruit  treei,  recently  planted  in  Kelds  and  " 
orchards,  ore  injurious  to  the  vegetation  of  these  young  f>ui 
trees;  aud  tlieir  fruit  is  smaller  mid  inferior  in  quality,  in 
proportion  to  the  quantity  of  the  herbage  that  covers  their 
roots.     This  is  particularly  the  cnse  nith  peach  trees.     In 
Germany,  to  prevent  this,  they  surround  the  fri-sli  trans- P^wniedbj 
planted  trees  with  the  refuse  stalks  of  Rax,  after  the  iibrous  ^„< 
part  has  been  taken  off,  spreading  ii  over  the  ground  a 
ai  their  roots  extend;  und  this  gives  them  surprising  vig 
No  weeds  »ill  -^row  under  this  flax,  and  the  earth  r 
frnh  and  loose. 

This  e]i|)eriment  has  been  tried  on  iiii  old  peach  tree,  liiu-  This  r^T.i 

■  SanaioriBiUiolb.  Phriico-iconom.  Sept.  iSoS,  p.  lei. 
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same  purpose* 
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the  yngmr  of  guishing  in  iftn  orchard.    Refose  flax  stalki  were  spread  at 
trees.         j^  ^^^^  ^^^^  ^^^^^  enough  round  to  cover  all  its  roots ;  when  it 

soon  recovered  its  strength,  pushed  out  vigorous  shoots,  and 
was  loaded  with 'larger  and  better  fruit  than  before. 
Deid  leaves  iThe  leaves  of  trees  falling  in  autumn  may  b^  employed 
in  the  same  way  with  advantage;  but  dry  branches,  or  some- 
thing else,  should  be  laid  over  them,  to  prevent  their  being 
blown  away  by  the  wind.  The  leaves  of  walnut  trees  appear 
to  produce  the  best  effect. 


SCIENTIFIC  NEWS. 

Recent  disco-     JL  HE  substance  of  the  late  discoveries  communicated  by 
venes.  Professor  Davy  to  the  Royal  Society  is  as  follows. 

Oximuriatic         !•  That  the  oximuriatic  acid  is  a  simple  body,  belonging 
^^^  to  a  class,  in  which  two  bodies  only  at  present  are  known^ 

this  and  oxigen. 
analogous  to         S.  That  like  oxigen  it/orms  bodies,  which  are  either  acids, 
oxigen.  ^^  analogous  to  acids,  or  oxides,  by  combining  with  com- 

bustible bodies. 
Muriatic  acid,     3.  That  hidrogen  is  the  basis  of  the  muriatic  acid,  and 

th:tt  oximuriatic  acid  is  its  acidifying  principle. 

New  com-  4.  That  phosphorus,  sulphur,  tin,  arsenic,  &c,  by  com- 

jK>un  s.  bining  with  oximuriatic  acid,  form  substances  analogous  to 

acids,  which  have  the  power  of  neutralizing  ammonia,  and 

probably  other  alkalis,  and  of  forming  combinations  with 

other  compounds  ot  the  same  class. 

One  analogous      5»  That  phosphorus  acidified   by  oximuriatic  acid  forms 

tuanea;:.!.      a  compound  with  ammonia  not  decomposable  by  a  white 

heat,  nnd  having  characters  analogous  to  an  earth. 
Compounds  of     The  combinations  of  oximuriatic  acid  with  inflammable 
oximuiiatic      bodies  offer  objects  of  investigation  of  a  perfectly  novel  kind, 
analogous  to,  and  scarcely  less  interesting  than  those  belong- 
ing to  the  corubinations  of  oxigen. 
More  than  one      The  chemists  «)!'  the  rJilogistie  school  supposed  only  one 
aadiffing        principle  of  iiitlammability.     Lavoisier,  in  bis  beautiful  ge« 
noralization,  wnb  aCi^uai  it^d  with  only  one  acidifying  prin- 
ciple, or  One  pri  iciple  which  rendered  bodies  soluble  :   but 
there  is  actually  another  known,  viz.  oximuriatic  acid ;  and 

it  is  not  impossible,  but  others  may  be  discovered. 

London 
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Loniion  Hotpiial. 
'  I>r.  BmxIoh'b  lecture*  oo  the  practice  of  medicine,  will  Mriiwl  la 
e  couimenced  on  Monddf,  the  Isl  of  October. 

St.  TVioWflj's  and  Gvp's  Hotpilah. 
The  aatamnal  coursi--  of  lectures  at  i)ieM  ailjoiiiing  lio»- 
Kpitali,  will  bfgin  the  fir:.t  seek  in  October:  vig. 

v^f  Si.  Tiiomaf's. 

Anatomy  and  the  openttiona  of  surgery,  by  Mr.  Cline 
,BU<1  Mr.  Cooper. — The  principles  and  [iructice  of  surgery, 
|iy  Mr.  Cooper. 

At  Guy's. 

Practice  of  medicine,  by  Dr.  Babingtoo  and  Dr.  Curry, 
—Chemistry,  by  Dr.  Babiiigton,  Dr.  Marcet,  and  Mr.  Al- 
fcn. — Eatperiaipuiiil  philosophy,  by  Mr.  Allen. — Theory  of 
nedicine,  aitd  n^utcrla  medica,  by  Dr.  Curry  and  Dr. 
Cholmele}-. — Midwifery,  and  diseases  of  women  and  chiU 
dren,  by  Dr.  Haighlon- — Physiologj,  or  laws  of  the  ani- 
mal economy,  by  Dr.  Maighton. — Structure  and  diseases  of 
the  teeth,  by  Mr.  Fox. 

N.  B.  These  several  lectures  are  so  arranged,  that  no  two 
of  them  interfere  in  the  hours  of  attendance ;  and  the  whole 
■IK  calculated  to  form  a  tomplele  course  d/  medieai  and  c/iirur- 
gical  hulruct ionf. 


To  Correspaudettls. 

My  correspondent  R  does  not  seem  to  be  aware,  that  the 
lieighls  of  the  barometer  are  not  tiiken  at  the  same  time  of 
the  day  by  Mr.  Gilpin  and  Mr.  Bancks. 

It  does  not  appear  when  Zahn's  experiment  on  ihe  radia- 
tion of  cold  wu«  made,  from  the  account  of  Prof,  Kries, 
mho  only  mentions  it  incidentally  ;  ami  I  hare  not  his  works 
to  refer  to.  I  do  not  think  it  necessary  therefore,  to  copy 
fVom  Musschenbroeck  the  sccouot  of  a  similar  experiment 
mniie  by  the  Academy  del  Cimento,  and  published  in  their 
transactions  for  iSfi?. 

Mr.  Knight'*  paper  it  neccisarily  deferred  on  account  of 
the  [.late. 


METEOROLOGICAL  JOURNAL, 

Firr  AUGUST,  IBllK 

Kept  1^  ROBERT  BAI4CKS,  Mathematical  IratramcOt  Mabr, 
in  the  Strahd,  London. 
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OCTOBEIi,  1310. 


ARTICLE  I. 

'  Oj»  tke  Electric  Column  and  AtTial  EleclroscojK,     By 
J.  A.  Dk  Lcr.  E$q.  F.lt.S. 

L  HE  principal  result  of  mj'  paper  on  tlif  Analytis  of  the  Gilnaism 
9afvm'\(  Pile  has  been  to  show,  ihat  by  this  instrument,  in  ^^i5jJ^,o„(5 
which  Sig.  Voltu  hbs  so  much  extended  Stg.  Galvuni's  fir^t  elecinuir  hy 
diicnvcry  nf  gomi:  phyiiological  efl'ects  produced  by  (ivo  •"''■"J'""' 
[nwKiatfd  iD<;UI«,  wc  have  been  really  enabled  to  deter- 
nc«  ptoceejifd  thnt  action  upon  the  aDimal  eco- 
my.    When  these  eSects  were  discovered  by  Sig.  Galvani, 
g  sioiitar  to  the  tUotk  produced  by  the  Leyden  vial, 
jr  painted  out  tome  action  oi  i\\K  tiei:tric fiuid:  but  when 
ia_/liri(/ ucts  thus  upon' our  organs,  it  la  ulso  manirested 
*bf  eleetrie  motions  w\A  by   iparkt;  whereas  not  even  th« 
t  of  iliFse  ^igns  nppeared  in  llio.  galvanic  experiment!. 
Therefore  the  action  of  the  electric  Jluiit  in  these  first  phe- 
nomena might  for  ever  have  reniained  daubiful,  had  not 
Sig,  Volta,  by  the  in* ention  ut  his  Hdmirable  pile,  increased 
that  action,  so  as  not  only  to  he  attended  with  electric  mo- 
itQiu  Mill  tparks,  but  to  produce  some  chemical  effecit  Vcmvin 
before  lo  belong  lo  the  electric  finid. 
Vol.  XXVII.  Mo.  I02.-^ct.  UIO.  G  But 


gS  °''   "^^^  ELECTRIC  COLOMH. 

Tvodittinct         But  there  remained  *  great  quretioD.     These  dilTereiit  1 
tifJu  pUr"   '^*^"  ''"*  '«'°™  ^'^''  p™l"<-«l  by  the  e&clrie  JIuid  only 
when  it  WM  arrived  at  «  greul  ilensiiy :  while  the  pi/e  pro- 
duces the  Mtoe  effects  with  to  sinnll  a  quantity  of  the /fuiJ, 
us  to  be  often  hardly   s'jfltcient  to  move  the  gold  leaf  elec- 
troscope.    This   has   been   the   otiject   of   ihe    ex|ietin)enl> 
contrtined  in  my  fi\t\.  paper,  wnich  have  manifested  t«o  di»- 
tinct  effects  in  the  pile:    1.    A  nioliDii  of  the  eUc.Iric  Jlnid 
)irodiiced  hy  the  associuiiuii  of  two  jirnper  mffa/i.independ* 
ent  of  any  other  effect:    2.  A  miiJiJieatwa  of  this  i 
quHniity  of  e/e<:(ric-_^Hirf,  on  pervadiiii;  the  pi/e  dnrjog  the' 
calcination  of  tionie  of  its  meiah.     A  diAtiiictiuii  tir»t  shown, 
by  different  diaseclions  of  the  pile,  and  at>erward  diretlly 
A  new  iiiitru-   proved,  tiy  prodiicin)^  art  iiK-^trunieiil,  which  re'ains  the  elfC^ 
nicDi,  trie  effrtli  of  the  pili^  by  the  association  of  two  melals,  with- 

out either  its  c/ifmim/ effects,  or  the  shock, 
thi ctecliic CO-      This  new  instrument   was  to  be  distini^uished   from   th< 
luinn,  galvanic  (or  voltiiie)   pile;  therefore,  in  iny  second  paper 

delivered  to  the  Koyul  Society  on  this  kuLiject,  I  named  it 
eleclrie  column,  as  beio^  a  sponlaiirous  and  permanent  eUe- 
mgnifeitiiig  itie  machine;  and  as  it  manifested  also,  by  changes  i 
fnfluenMo/  "  '/"^"""'cpM.  some  vHriabie  influence  of  the  electric  slate  oC 
iht  eleclrie  the  ttir,  this  new  effect  was  to  be  expressed  by  an  additional  ' 
.uieof  Ibenif.  j,^,pg     1,  jg  different  from  the  indicatiohs  of  our  former 

mosp/icric  electroscopes,  such  as  elevated  conductor*  and 
kileg,  which  inform  us  only  of  the  comparative  states  of  tlw^ 
Mlralum  of  air  that  tliey  altuin,  and  of  the  air  ut  the  place^ 
of  observation  :  withotit  any  indication  of  the  changes  in  th^ 
latter,  probab'y  euniiected  with  some  phenomenn,  which< 
we  observe,  without  knowing  ilieir  cause  ;  and  as  tlie  e/if*- 
Iric  column  seemed  to  promise  a  method  of  discoverinst 
lli»!<e  changes,  I  named  it  also  aerial  tUctrascope. 

Such  liud  been  the  principal  object  of  iny  second  paper' 
presented  to  the  Royal  Soueiy  ;  it  was  only  in  its  oHKceot 
slate  i  bums  I  thought  it  worthy  to  be  taken  op  and  fol^ 
lowed  by  other  eiperimentiil  philosophers,  I  wouh 
postpone  communicating  it  to  the  puljlic  till  it  was 
advanced :  it  has  not  been  piibliahed  in  the  Phil.  Trans.f' 
•bjrci  of  ili«  and  um  1  have  since  ciirritd  it  farilit-.',  1  sluil  Jiere  treat  it  ' 
F"="'1'*P"   a  difiVreiit  mui.ni:i-,  dividing  ,t  imo  ilirec  parti:  the  fint  ' 

Kill 
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will  relate  to  the  tiectn'c  eo/umn,  considered  oMly  bs  the 
ettcfric  fffiriency  in  the  pile,  divealed  of  sither  chemical  or 
physivhgitui  etieutft.  Thf  ncmd  will  explain  the  dilBciiltiea 
which  I  have  encountered  in  atlewpting  to  brinj;  the  instru- 
xatat  to  its  desirable  fuDciion  aa  aerial  cltflroieope,  slid  the 
point  which  1  have  ultained  in  thii»  new  Viud  of  meleorologt- 
uii  obscrvutioos.  Anil  in  the  lliird,  I  simll  otler  to  the  at- 
teation  of  the  oatural  plnloaoiiher,  some  meteoro'-Jgical  oh- 
servationa,  which  show  the  ini|ioiIuncc,  in  every  brunch  of 
vxperimental  philoioptiy,  and  ecpeciaUy  in  chemical  theo< 
rin,  uF  foi  warding  the  obticrvaitoii  of  atmospheric  pheao- 
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1  have  explained  i'l  the  first  paper  my  ■ystem  c 
the  cansc  of  a  miiii'.n  of  the  electric  Jiuid,  produced  by  the  'JT'*  * 
properties  of  twoB3-.oiiated  «cra/s;  and  as  all  the  circum- 
stances uitendJDg  this  motion  arc  characteristic  of  its  sause, 
this  connexion  will  be  here  my  principal  object. 

I  shiill  begin  by  Koitie  (^xperimentt  under  the  same  form  . 

Bi  Exp.  4  in  tlie  former  paperi  in  which  the  brass  tripods 
were  plaoed  between  the  two  melah,  and  these  jroup*  sepa- 
ruled  by  pieces  of  wet  cloth,  lev  this  tirst  dissection  of  the  El" 
pUt,  both  electric  and  chemical  eSecls  were  produced,  the  f, 
latter  on  account  of  ibe  water  contained  in  the  cloth  ;  and 
1  tvauted  to  know  what  would  be  the  conKeijiienrc,  in  the 
••me  arrengiinieni,  1^i1h  respect  to  the  electric  cfl'ects  of Thechemkal 
•uppmiin;  the  c/ieniVa/ ones,  by  a  (fry  intermediary  sab- ""W"^''" 
stance.  For  this  purpose,  I  substituted  for  the  liher  platei 
uid  the  teel  elolh  of  the  former  experiment  pieces  of^tifcA 
f[ib  paper,  placing  the  liran  fripodi  between  the  zinc  plate* 
•nd  the  copper  aide  of  the  papers;  atid  lifter  having  fouod, 
that  40  Buch  group!i  could  be  contained  in  each  culumn  of 
the  frame  described  in  that  paper,  forming  in  the  whole  60 
groups,  I  made  the  following  experiments. 

Exp.  I.     In  order  to  judge  what  would  be  the  effect  of  Exf,]. 
interposing  the  brau  tripods  between   the   metali,   I  first 
■mounted  the  ao  groopa  without  them,  and  observed  the  de> 
G  a  gree 
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gree  of  divergence  of  the  gold  leaoes  at  both  extremities. 
Dry  paptir  not  being  so  good  a  conductor  as  wet  cloth,  the 
electric  effects  were  not  so  great  as  they  would  have  been 
with  the  latter ;  but  they  were  sufficient  for  my  purpose. 
I  kept  this  apparatus  for  some  days,  observing  the  diver* 
gences  in  different  parts  of  the  day,  and  the  great  est » 
which  happened  to  be  at  the  zinc  bide,  was  of  0*3  of  an 
inch, 

Czp.  9.  Exp.  2«     I  then   placed  the  brass  tripods  between  each 

zinc  plate  and  the  copptr  side  of  the  papers  the  paper  side 
of  which  separated  the  binary  groups  of  metals^  us  did  tLe 
wet  cloth  in  the  former  experiment:  the  eiectric  effects  le- 
raained  the  same  as  they  were  in  Jixp.  1,  >^ithout  the  /n-* 
poHs» 

It  came  then  into  my  mind,  that  the  tripods^  being  of 
brasSf  might  alone  produce  some  effect,  with  only  plain 
faper  to  separate  these  groups  of  zinc  and  brass;  but  the 
tatter  having  but  a  small  mass^  the  tntusmission  of  electric 
fluid  along  the  column  could  not  but  be  slower;  and  this 
was  the  very  reason  which  determined  me  to  the  trial,  as  an 
experiment  that  would  also  relate  to  the  cause  which  renders 

Efbetof  the  the  column  an  merial  electroscope:  this  cause  is  the  action  of' 
the  ambient  air,  the  immediate  effects  of  which  are,  to 
lessen  the  positive  state  of  one  of  the  extremities,  and  the 
negative  state  of  the  other,  according  to  its  own  electric 
state;  and  more  slowness  in  the  motion  of  the  fluid  giving 
more  time  to  this  action  of  the  ambient  air  for  diminishihg 
the  electric  indications  at  the  extremities  of  the  coluimtif  thivso 
symptoms  were  to  be  smalU  r.  Tljii  therefore  induced  uie 
•.    tP  make  the  following  exptTiment. 

£ip.  S.  £xp*  3.     I   mounted  the  column  with  80  groups  com- 

posed of  zinc  plate:*  with  only  the  brass  tripods,  separating 
them  with  pieces  of  writing  paper^  and  1  kept  also  this  co« 
lumn  for  some  days,  observing  the  tiectroscopes  at  its  extre- 
inities:  they  had  the  b.une  vuriatioiis  which  I  had  before 
olMerved,  but  very  small,  and  the  greatest  divergence,  which, 
as  it  is  cominoiily,  was  in  the  uiiddle  of  the  day,  did  not 
exceed  0*1  of  an  inch. 

filo«rncMuf  I  now  come  to  that  shwiiess  mentioned  above  in  the  mo* 

the  motion  of  tiou  oi  the  ehctrvjhud  produced   by  the  proi>erty  of  th^ 

column^ 
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cahtma,  nhiih  bein<^  Bttribute^l  to  ^Jiuid  knoirn  to  possna,  theRuidiii  Uia 
ill  the  proper  eense,  the  swiriness  of  lighning,  must  uppeiir  "''"""'■ 
■   paradox.     Rtipidity  of  inrttion  rertuhily  belongs  to  the 
eleetrie  fiuid,  when  d:iitiii>;  hi  a  torrent ;  but  the  tle'etric  from  ita  ten- 
tr,  of  which  it  is  composed,  has  a  leiidency  to  adhere^""'""  "j!' 
to  all  bodies,  nir  incliiiled ;  and  it  is  tliis  very  property,  as 
explained  by  Sig.  VoUh,  which  o('CRsio:is  the  elcilric  mo- 
liont,  when  the^uU,  tending  to  move  by  a  rupture  of  ils 
fquUibrinn,  is  more  reluclmit  to  be   separuted  from  the 
body  which  potseises  it,  than  the  latter  to  follow  the^^uiJ 

its  motion. 

The  etfert  of  thi?  tendency  of  the  eteelric  Jtiiid  towards  Analogyiqw*. 
bodies,  in  retartlin^  its  motion  within  the  coin nrn,  isnnalo-'"' 
goua  to  an  efiect  observed  in  water.  When  toaler  is  kept  in 
motion  in  u  dianiiel  by  a  constant  siippty,  it  is  seen  to  take 
onrie  in  llie  miildle,  leaving  behind  the  parliclea  re- 
tardtal  by  their  tendency  towards  the  H)ile«,  which  is  de- 
creasing as  the  distance  ilicreas*s.  But  t1i<.-  aiiuloj^y  is  more 
direct,  when  water  is  conlined  in  a  ^loud,  beset  with  aqtia- 
tic  plants  or  other  impediments;  for  the  mations  impiesiied 
on  that  icaler  at  one  side  of  the  pond,  though  lonlinned,  if 
small,  are  bilt  j/oir/y  and  seldom  eompUttly  coin niuiit eat ed 
ugh  the  whole  Hpsce.  The  case  is  the  wrae  with  respect 
to  \\\v  eltetnt  fiuid  *'f:l  in  mutioa  by  the  properly  of  the  co- 
hmn,  not  only  when  conliiied  within  it,  but  when  a  current 
i%  produced;  which  effect  will  be  shuwn  by  loine  experi- 
tnenls,  after  I  nball  have  explained  some  parts  of  the  figure 
annexed  to  tins  paper.     See  Plate  HI. 

The  dimeasions  of  this  j^ijarf  are  half  those  of  the  ori-  ExnUnatioii 
frinal :  it  consists  of  many  parts  wliii'h  I  shall  vuccpss'ivelj  of  tlie  pluc 
'-dcsrribe,  beginning  by  those  which  relate  to  my  present 
•bjevt :  ils  fundamental  parts  are  un  electric  eoluiai,  with  ill 
tleelrotcapes.  The  former  is  reprencnled  at  A,  U,  supported 
liorizontally  on  two  pilUirs  I,  1,  consisting  of  solid ^lams 
tods,  covered  with  sealing  wax,  or  with  sume  othtr  insulut- 
ii>g  varnish,  and  fastened  on  the  wooden  biise  %,  i,  by  fe> 
male  screws  underneath.  The  caliimn  itself  is  conipoted  of 
fiUO  group*,  formed  of  tine  plates  U'7  inch  diumeter,  and 
rquul  pieces  of  plain  Dultli  gilt  paper ;  th«  copper  mde  uf 
which  being  luiucd  tow4l^d^  A,  this  ii  the  piitHive  extremity 

ef 
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of  tlie  co/umN .-  and  as  also,  in  t^very  group,  th«  po/ier  itself 
serves  OLily  to  sepurate  the  binarif  ^toapi  of  sine  ui'fl  copper, 
the  lutti;r  beini:  to  each  of  them  on  the  »ide  of  B,  tl 
the  negaiitie  extremity.  The  gioupa  are  coutamtd  bttween 
three  glss*  rodi.,  covered  with  Gculing  wax  melted  ocet  them 
while  hot,  and  tiitKl  in  holes  of  the  lirotjs  phtte*  A, 
where  they  have  been  introduced  vhile  t|ie  plutea  weie  hat( 
and  the  holfM  lilted  with  aeuling  wax.  These  brai»$  plates 
have  in  their  lower  part  u  pin,  which  eniers  freely  into  the 
braM»p  at  the  top  of  lh»  pillars  1.1.  4t  theexireu 
of  the  column  ure  screws  3,  3,  foniied  on  the  outbii}e  in  thi 
flhnpeof  lotips:  they  serve  first,  to  press  the  p;roups  bttweei 
the  glass  rods;  and  bt-aides  to  produce,  by  brass  wire 
hooked  ill  their  loops,  the  comma nJculion  of  euc))  eaire- 
mily  with  the  DeareRt  eleciriKcopej  as  reprebented  in  ths 

iiooluinn        In  general  this  eolumn  produces  too  great  effects  for  ih^ 

'sonie*<KiL-  *"P*'l''">*"'s   which  1  have  here  to   view,  as   the  gufd  leava 

isDU,  Strike  tht;  Hides  of  the  electroscopes;  while  thtre  should  be 

merely  a  simple  rfii'^r^fiir«:  therefore,  either  a  smaller  ci>>> 

/unn  must  be  used,  or  the  time  must  be  chosen  when  tlie 

"600  groups  produte  only  this  effect. 

p.4,  Erp-  4.     Having  observed  the  aottial   qnantfty   uf  direr* 

gnre  in  both   electrosiopes,  when  1  l»y  my  flnge.-  oti  the 

top  of  either  of  them,  in  order  to  produce  the  communico- 

tiun  of  its  entremity  of  the  column  with  the  ground,  ths 

divergence  ceases  in  it,  and  becomes  nearly  double  in  the 

vmoiion  of  other.     Then  taking   otf  ray  finger,  and  thus   abandoniag 

^""''*^   the  column  to  it*  own  operation,  the  divergences  are  not 

ilcHn.       immediately  restored  to  their  former  quantity ;  it  requires 

some  time  to  produce  them  again,  eveu  half  an  hour  or  aii 

hour. 

This  shows  &  reluctance  in  the  parts  once  possessed  of  tli« 
electric  Jiuid,  w  obey  the  ceuae  which  requires  laore  of  it 
on  tiiir  than  on  c  p/>'r,  iu  o.'der  lo  estbi  h  the  ^lecirie 
etjuilibrium  between  them.  But  this  concerns  only  the 
quaoiiiy  of  tlir'ric  Jluid,  which  the  lulumti  (xissesses  in 
commoa  with  the  turrouuding  bodies  and  the  ambient  sir; 
for  at  the  Mtme  time  thut  this  quantity  delays  to  obey  the 
|«w  of  the  eoloimi,  if  an  iuMikted  body,  either  positive  or 
uegaliwe. 
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'atiet,  but  in  h  degree  nMi.'h  uati  merely  ntTcct  the  guUI 
Itfnf  elevtnNcoiw,  be  upplicd  lo  one  exttcitiiiy,  ihe  diVcl  i« 
iiistHotly  perctik'cij  ui  the  i'th<^r.  ThU  u((uiii  is  ihe  eanie  at 
11' a  Slreuii)  uf  wMler  wcrn  iiilroduced  hi  uiir  side  t>''  liiv pmid 
9(  tlie  tiljove  cxuiiiple,  und  uu  upeiiiitjf  niude  ut  tbc  oppu- 
Mleaide  ;  for  u  currtat  woutd  lii^  diit:vtly  produced  Lbruugh 

Mxp.  i.     After  bnvinj;  disttirUeJ  ihe  »ute  of  the  iiJ»r-  Ek^.  j. 
gttee*  At  the  extremilLes  oi'  iIil-  ciy/uinn,  by  iilHcinj^  a  tiugeT 
•n  oiieot' ihem,  the  mode  of  rifpiuducing  speedily  the  for- 
ttier  Htatti  i^,  lo  lay  the  fiu^trs  on  both  extremities  together, 

Cd  rcwove  them  at  iha  tamt  iiulaHt:  ir  ihia  hisl  condition 
reully  uhtuiucd  (which  la  not  fuiiyj  ihe  ori^iaal  dwerjienees 
arc  restored. 

These  esperiments  caDnot  loue  any  doubt,  that  the  )ihe-  A  flaid  ttt  la 
Xtmneim  of  the  coiumti,  ua  ivfll  bs  the  ehcUie  part  of  those  '"°'""'- 
'of  the  pUe,  are  ))ro<lui.'ecl  hy  ajtuid  set  in  motion, 

Ktp,  a.     Ill  the  same  cn&e  ua  thut  of  the  abuve  esperi-  E«p. G. 
Bienla.  iinmely,  <rhei>  the  divergences  are  not  too  grtat,  if 
one  side  of  the  totuvtn  be  placed  in  cominuiiieution  with  the 

the  et^ti  of  the  contact  on  the  other  Hide  are  »o  EfTdcl  like 
»iuiilar  to  those  produced  in  the  same  maiioer  on  the  Uaves  p™"  ""-'t'^ 
of  the  tHimoia  ^usitiva,  that  thi:j  I'Aijfurmity  of  etfects  seeniB  tetisiiiTeiilul. 
to  indicate  some  iinalogy  between  the  rauges:  both  contaets 
antike  Ihe /ffOGM  full ;  they  riae  a;(uin,  but  it  requires  aume 
time.  There  is  an  objection  u:^'ui»B[  the  idea  thikt  the  phe- 
Soioenon  of  the  plant  i^  eltctric ;  because  in  the  cJnnm  the 
me  effect  is  produced,  at  one -iilc  by  imparling,  and  at 
the  other  by  taking  off,  some  electric  JIuid.  Tiiia  ohjection 
is  not  absolute,  for  we  do  not  kiio»  all  ihe  actions 
'•f  organic  bndiet  on  ihe  tlfclric  fiuid;  but  if  it  \i  not  tliis, 
it  aiuit  he  some  other  finid,  which  is  iictcil  upon  by  the 
Conlset  of  the  plant.  In  general,  we  are  very  little  ud- 
n  the  knowledge  of  the  subtile  agciila  uperutju^ 
terrestriit)  phenomeuu;  and  as  we  cannut  make  ai)y  real 
in  this  kuowled^e  but  by  eiideuvourJiii{  fo  increase, 
■fcy  observuliou  nnd  eKprrimeuts,  the  RMiuher  nf  the  pheno- 
leiis  which  have  analogies  with  each  other  in  ttome  respect, 
ight  be  useful  to  follow  un  attentive  compuri^ou,  at  iliC- 
ilervnt  times  and  in  diflereul  Brfaiiijeau:iils  ofcircuontJiices, 
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between  die  effects  of  contact  on  the  gold  leaves  of  \he  co* 
lumHf  and  on  the  leaves  of  the  mimosa  sensUivay  and  eren 
contact  with  different  bodies. 
Stronger  prtofit      I  come  to  greater  syniptoros  of  the  motion  of  the  electric 
Suid.°*°^*"'    yfiiid  in  the  column,  beginning  by  experiments,  which  will 
prove  what,  in  the  former  papery  I  have  concluded,  from 
my  theory,  namely,  that  by  the  cause  assigned  to  this  mo* 
iiony  \he,  negaiiioe  effect  goes  on  increasing  from  the  zinc  to 
the  copper  extremity  of  the  column,  at  the  same  time  that 
the  positive  effect  increases   from  the  latter  to  the  former ; 
and  that  the  electric  state  of  each  point  of  the  i  nsulated  column 
is  the  sum  of  the  correspondent  terms  of  two  inverse  series 
of  progress  represented  by  determined,  though  in  some  re* 
spects  variable,  numbers,  in  a  table  given  in  that  pop^r. 
Addition  to  the      For  these  experiments  a  third  electroscope  is  used :  in  the 
Appaiatai.       figure  it  is  seen  connected  with  the  middle  point  C  of  the 
column,  where  is  a  thick  brass  plate  with  a  projecting  loop, 
4.     This  immediate  connexion  of  the  electroscope  with  the 
middle  point  of  the  column  serves  for  some  experiments  ^ 
bnt  every  other  point  of  the  column  may  be  made  to  com- 
municate with  itt  by  the  interposition  of  a  soft  wire  held  in 
the  middle  by  an  insulating  handle.     When  this  is  used, 
the  communication    of  the  electroscope  with  the  middle 
point  is  taken  off;  aud,  by  bending  the  wire,  it  is  easily 
made  to  connect,  as  conductor,  the  necessary  parts  of  the 
column  with  this  electroscope. 
fjtp.  7,  Exp.  7-     At  a  time  when  there  are  simple  divergences  in 

the  electroscopes  at  the  extremities  of  the  column,  if  they 
be  equal,  positive  at  A,  and  negative  at  li,  there  is  no  c/t« 
mergence  in  the  electroscope  at  C ;  this  is  neutral ;  which  is 
the  cabC  expressed  in  Table  J  of  the  former  paper:  and  if 
at  this  time  any  poiht  of  the  column,  at  a  distance  from  the 
point  C,  on  the  negative  or  positive  aide,  proportional  to' 
one  of  the  terms  of  the  table,  be  tried  with  iho  insulated 
conductor,  the  divergence  which  it  produces  will  be  found, 
as  exactly  as  can  be  expected  in  sucli  experiments,  cor- 
respondent to  the  number  expressed  in  the  table,  with  its 
sigri. 
Exp.  8.  JExp,  8.     In  this  situation  of  the  column,  the  states  ex- 

pressed in  Table  II  and  Table  III  may  be'  also  observed 

by 
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f»y  I>1atniig  ullcrnutely  its  e\lrcin)iics  in  <.'oiiiiiiiinii.'Hliuii  with 
the  gronnd:  but  by  a  mre,  \)txaaw  tHe  metuliic  c/miMi,  A  wire  coa- 
tnnmonly  u.etl    fur  this  pur|m.e.  rto  not  lronsn.it  con.- ^^"^'^;r 
rletely  such  smuU  qii.intilii^s  of  f/rrfric  JluiJ,  probHbly  on 
iccflunt  oF  some  dust  pelting  between  the  links.    The  fol- 
lowing ure  llie  tivii  fuses  of  tliia  exiicrimcnl. 

When  the  commnnicntinti  with  the  ^ouiid  i«  made  a 

?B,  the  electropcDpe  Ht  the  nii'ldte  pnlnl  C  i!lveij;i?ii  poti-  J^ 

ritx/y,  in  iheuime  dej^ree  us  did  beTore  tin- riectroscope  ntHiepfMhe* 

A:  and  the  (liversencetif  tlie  luller  is  now  neurly  ifou&U.'^^^^''^"" 

nj' Tieurly,  becnuse  e^jUal   iiiL-renses  in  the  ehelrie  ttale 

roducK  imuller  increases  in  t!ie  angular  lonlion  of  the  gold 

ttaft  ill  proportion  as  ihe  angle  inereiiiei.     By  u  wiig  then 

tbeamall  ibsuhited  eonduetor,  it  w  found,  Hint  llie  whole 

'<obtmn,  (excppt  tlie  very  eslremity  B,  wliiili,  communicat- 

itii;  with   (iie  ground,  is  neutralj  is  in  a  potUive  Mate,  in- 

Mbing  lowardi)  A  :  whieh  h  esjiresseU  in  Talik  II, 

i.  When  the  comniiinioutiDu  with  tbi-  Krouail  is  ninde  at 

'AtXheeleelrie  ifafMof  them/uniii  are  utl  rei'crsed.  TliL-tlce- 

^ro»to|ie  at  tlie  middle  point  C  Hub  now  a  negative  Jitcrg- 

inal  to  that  of  tlie  electrftMiope  at  B  In  the  insulated 

fttmte  of  the  eolumn:  and  the  divergence  at   I!  is  nearly 

ble.     Then,  by  ohservinjj  the  state  of  the  other  parts  of 

cotumn  with  the  inaulattil  eonductur,  the  nrgpike  klHle 

t»  Ibund  incrt>aiiing  tonard   D.  from  A,  the  only  point  not 

iugathe,  hut  ntutTol.    Tins  ii>  the  case  represented  jo  To- 

^  Tin. 

In  the  three  difTerent  cases  above  deteribed,  the  indi- Both  lUttiaf 
taXti  posil'tTe  9.ni  tif^ofiie  states  ure,  in  every  part  of  t''^ '^^^l^^ia 
co/umn,  common  to  zinc  nnil  copper.     I'liere  la  no  doubt,  ia  both  miiaU 
ttery  binitry  assoeiation  of  the  tuilalt,  that  d\0ifrfnce  be- 
twvn  them  whleh  their  Dature  reijnires;  bnt  il  i»  inmnsible 
in  them  itidividualiy,   as  it  is  when  they  iin.'  single ;  and 
VntirtltrUic  state,  embracing  both  vielals,  is  determined, 
Aeroiilinf;  tu  their  poMlion  iu  llie  column,  by  tlie  inotioni  of 
(h«  clettric  fluid  re>nltin<;  from   llicie  iiibeiisibic  c/ffliMrii 
»0(l  that  they  follow  the  laws  deteriiiiued  in  my  paper  from 
itie  MUse  as^ijjned,  is  verified  by  ihirke  ej;peri[iienls;  which 
dernonstrute  at  the  same  time,  th^it  there  iirc  no  poiiHie  or 
tirgatite  states  belonging  to  any  pait  of  tlie  calumn   (not 
coiisequciilly 
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conseqnently  afthept/e);  since  each  pnrt  may  rTianGefroro 
poritint  to  ntgative,  or iiiveisely, according  tocircuoiBtanres, 
by  ibe  ditferent  moii<mi  iraprrs^fd  on  the  electric  ftuiil ; 
which  molioas  may  be  concluded  from  these  pheuocurnft 
themselvei,  but  will  be  directly  perceived  in  the  rollowinj; 
experiin<?L>t. 

X»p.  9.  Exp.  9.     A  necesMiy  condition  of  thi»  class  of  eiperi' 

meats  IS,  that  thu  state  of  the  ambitnt  air  be  tiich,  that 
alternately,  at  each  extremity  of  the  column,  one  of  ihe  gold 
leave*  strikes  ihe  side  of  the  electioscope,  and  at  last  slick* 
at  one  of  the  extremities.  The  following  are  three  different 
cases  in  these  phenomeaa. 

1,  When  the  itrikinsri  are  alternate  at  the  extremities,, 
these  instantaneoua  inmrnunicHtions  of  the  column  with  the 
ground  at  each  side,  by  the  contact  of  tUe  gold  leaf  with  the 
tinfoil,  produce  in  the  former  a  Jlux  and  rejiux  of  eleeiric 
Jiuid.  When  the  gold  leaf  ilriket  at  the  cupper  extremity, 
some  fluid  Htcends  from  the  grawid  into  the  ro/umn,  and 
repuirs  the  deficiency  on  thii^  side ;  but  this  additional  (|uan- 
lily  of  elettrie  fluid  in  the  column  occasioning  a  tlriking  at 
the  zinc  extiemity,  the  new  quantity  of  fluid  returns  that 
way  to  the  ground.  These  risti  H»d  ehbi  of  the  electric 
J?uWin  the  co/a(n«  are  observed  at  lUe  middle  electrotcope, 
but  only  when  »onie  time  elapses  between  the  alrikingi;  for, 
on  account  of  the  sloivnett  of  motion  of  the^^m'tj,  directly 
Bhown  above,  when  the  sirikhisji  rapidly  alternate,  before 
one  of  the  effects  has  extended   itself  in   the  column,  the 

Ctutf  cf  Ihe     eontrary  effect  begins;  in  the  same  manner  as  the  rise  ond 

«rnofii<le»    e66  of  the  wiiler  are  liot  sensible  within    the  Mcdilerranean 

irilheMi'duur-  1     1       „   ,  .  „    ■    . 

TSficjimiUBul-*"*   "I'd  the   Baltic,  on   aceouirt  of  their  narrow  entrance; 

**'  for  before  the  j7ii,e   has  PTitended   ilself  some  way   up  ihcka 

seas,  the  Tfjiux  operates  in  the  contrary  direclicm.  Bui 
thei>e  moliiiiuof  the  electric  JIuid  are  very  seobible  at  the 
middle  point,  in  the  fotlowing  canes. 

2.  When  the  gold  leaf  comes  10  adhere  at  the  copper  ex- 
tremity, thus  placing  it  in  a  continued  cominunicBtioii  with 
the  ground,  the  itrHangi,  whieh  borome  more  frequent  at 
the  sine  side,  prcviiuce  ■  pulselike  stream  of  the  electric 
fluid  in  the  cohmii,  manifested  by  the  motions  of  the  gold 
lemes  in  the  middle  t-'eclrosrope :  liieir  divergence  is  posilife, 

llitt 
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the  whole  eolumn  heia%  now  ia  thi«  etxU  [Exp.  e.  I.]>  bat 
ifaey/ofl  ill  purt,  whtLi  the  jfoW  Uaf  tlribes  m  iht  rmc  bide, 
and  Tine  in  tbe  interval*  of  the  ^Itikini^s ;  tliu»  pomting  oni 
vlearly  ■  cuitciit  flo»iiig  from  B  to  A,  Bt  «  hlghtr  level 
llian  the  ^ronr'arf/,  which  level  uliuriistely  rhri  uud  j'aUi. 

3.  When  the  udheiJon  of  the  go/d  lea/  takes  [iluce  at  A. 
the  ziite  tide;  whiih  circuni^Euni-e,  pruiliiciiig  u  cootiiiued 
commuuiiiitiun  of  lhi»  side  with  the  ground,  teudern  lh« 
cotnmn  rusalite'xn  the  ithule  (l^p.  B,  e.j ;  nhile  the  gold 
leaf  a.t  B,  the  copper  »iiie,  goes  o:»  striking;  ii  tttrtevl  of 
ttcclrie  fiuid  it  also  {iroduced,  but  at  a  /iiuvr  level  ilmn  llie 
standard:  tlie  divergence  of  the  ^oW  /«ivcj  in  the  midillf 
tleetnseape  is  consequently  negatite,  and,  as  in  the  foiiner 
caw,  they ^jK  in  pan  at  e^ery  strildtig,  uiid  rise  in  the  in- 
tervak;  but  while  in  that  caee  ihey  Jell  by  ibe  hweiing  of 
level  of  the  currnit,  and  rote  when  it  came  higher;  now  di- 
ver^^iiig  as  ttegalioe,  they  yir//  at  cierj"  tlriUng.  becuiiae 
ijiuid,  ascending  from  ihe  ground,  raakeo  the  coluniu 
1cm  negative;  and  they  rise  ngitiii  »hile  ihig  fluid  flows  iiiio 
Ibe  ground  by  the  one  tade,  and  thus  prejinri'S  miuiher 
flrilciug. 

Hive  made  the  same  expeiiments  on  the  motiovs  of  the  MMlnniara 
flttlTie  Jluid  vMh'wi  the  p/fr  itself;  they  are  more  confused  "."»• '"""• 
■nd  les*  lasting  on  account  of  the  mlclnation  of  the  rue'uir:  (ui^^i,i» 
ibul  the  tolumn,  being  in  fact  the  electric  machine  of  the  l»>"n(- 
^le,  ehonft  clearly  and  permanently  these  molions,   tehich  I 
^hall  now  follow  in  the  circuit,  or  when  the  two  PKtrt'miticii 
Af  th*  column  (or  the  pile]  are  connected  together  by  some 
iol«rraediQte  body.     In  thl^  casf  ihe  motinn  of  the  ekriric 
^uid  ii  ni!inifested  by  more  or  K'ss  relarditlion  of  jis  current, 
-•ccordint;  to  the  degree  of  tondttcling  fiiculty  of  the  body 
4>oip1oy«d. 

For  this  cluM  of  experiments  (see  the/j«rf}  br«!is  hoiks.  Adrtiirnial.p- 
^  and  6,  are  6xcd  to  the  sinoU  brnKH  plates,  terminating  pamtu. 
ihe  column  ai  each  extremity,  and  against  which  press  ihe 
is;  IhiHe  hooks  project  n  little  more  ih.in  an  inch,  and 
terye  for  different  purposes.  The  following  experiiDPnts 
^ill  relate  to  the  cttiducliitg  faculty  of  tliut  kind  of  glusi 
lube  filled  with  water,  eutcred  by  wirrt  on  both  siilea,  in 
.wfakh  ehemieal  etfcct*  are  produced  when  it  is  :i;i[ilie<l  in 
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the  pile;  but  with  the  column,  thew  effects  do  not  tat*^ 
place, 
bp.  10.  Exp.  10.    The  tube  of  the  above  kind,  which  serves  m 

this  experiment,  is  represented  in  the  JigurCt  as  suspended 
at  the  point  7;  its  wire,  8,  having  a  hook,  held  up  by  a  silk 
thread,  which,  passing  over  the  pulley,  10,  descends  to-  • 
thin  brass  plate,  11,  fixed  to  the  base  of  the  instrument. 
This  brass  piece  bends  forward  at  the  top,  and  the  silk,  en- 
tering into  a  notch  of  this  projection,  is  stopped  there  by  a 
'  bead  fixed  to  it.  The  other  wire,  9»  of  the  tube,  is  hooked 
on  the  projecting  wire,  6.  In  this  situation  of  the  tube,  it 
does  not  affect  the  electroscopes  of  the  column,  they  coDti« 
nue  to  diverge  as  if  the  tube  were  not  connected  with  one  of 
them;  but  whed;  the  silk  being  disengaged,  the  hook  of 
the  wire,  8,  comes  to  rest  on  the  hook,  5,  of  the  eofunmi 
the  circulation  of  the  electric  fluid  produced  through  it  be* 
tween  the  extremities  A  and  B  is  so  rapid,  that  the  cft- 
vergefice  entirely  ceases  in  the  electroscopes  ;  and  it  returna 
only,  when  the  extremity  of  the  wire,  8,  is  again  lifted  a  p. 
This  shows,  that  the  glais  tubes  of  this  kind  are  sensibly  as 
good  conductors  as  metals* 
Ftermctbilitfof  '^^^  different  conducting  faculties  of  bodies  proceed  from 
bodies  to  dec-  different  degrees  of  adhesion  of  the  electric  fluid  to  them  ; 
^  ^*  but  beside  thiss  difference  among  bodies,  tliere  is  another^ 

which  relates  to  permeability.  All  the  bodies,  which  I  have 
tried,  are  permeable  to  the  whole  of  the  electric  fluid,  ex* 
cept  those  that  can  be  charged ;  which  are  impermeable  to 
the  electric  matter,  and  permeable  only  to  the  vector.  This 
Charced  b«-  operation,  called  charge,  as  1  have  explained  and  proved  in 
dies.  my  works,  consists  in  accumulating  t\^»  electric  matter  only 

on  one  side  cf  the  lamince  made  of  thebe  substances,  by 
occasioning  a  proportional  diminution  of  its  quantity  on  the 
opposite  surface,  which  is  an  operation  of  the  v^f or;  and 
the  reason  why  other  bodies  cannot  be  charged  is,  that,  the 
electric  matter  pervading  them,  though  slowly  in  some  of 
them,  no  sensible  difference  in  the  quantity  of  electric  mat" 
ter  can  be  produced  between  their  opposite  surfaces. 
Gla&simperw         Glass,  in  this  respect,  is  a  remarkable  substance.     It  is 
flluTl^*but  it'*  absolutely  impermeable  to  tlie  electric  matter,  and,  being  a 
movesaiong  Its  solid  body,  it  is  used  for  insulating  pillars  in  our  electric 
suifjcc.  appan^tusses ; 
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ipjtiiriiliiMe* ;  but  the  elettric  matter  novee  etisily  slang  it» 
tnrfni^e,  ui  I  have  visiblj'  ihowa  by  the  Licklcnberg  _figfrtt 
prwluci-d  on  its  naked  Burfnce,  nhere  they  diiiipate  in  a 
littl«  tinir,  while  they  last  niuny  days  on  reainoui  Rurfaceii. 
Tli;»  is  Ilie  reason  of  covering  the  glat)  pillars  destined  to  Vamiihci  dif. 
isftulate  with  Home  rttinoui  vurnish ;  but  nil  these  varnishes  ^^"^  propei. 
are  not  e<|ually  fit  Tor  ilie  purpose,  und  this  is  one  of  the 
sbjecta  of  the  foltowirtg  process,  as  well  as  the  tiial  of  the 
different  eondacthg  fnculties  of  other  bodies.   - 

For  these  experiment*,  the  bodies  to  be  tried  must  be  Tfi»l»  of  ih* 
reduced  into  slips  or  rods,  which  are  to  be  laid  on  the  ^,^^*^'^,^ 
hooks,  5  and  6,  of  the  co/umn,  in  order  to  observe  the  ef-d)es. 
feet  produced  on  its  electroscopes;  but  there  are  necessary 
preetiutiouB  to  be  uted  in  laying  them  on  the  hooks.  For 
inatance,  in  respect  to  the  bodies  with  which  I  shall  begin, 
those  wh'ich  have  different  eon (iuc( in j^  faculliea,  belongin); 
mostly  to  the  vegetable  and  animal  kinds,  when  they  are 
pUced  on  the  hooks  with  the  jfufTprt,  as  it  is  almost  impos- 
sible to  lay  them  on  both  hooks  m  the  sanie  instant,  the  end 
which  touches  first  disturbs  the  equilibrium  of  the  electric 
fimid  in  the  eo/unn;  and  I  have  shown  above,  that  it  is  but 
slowly  restored.  In  order  to  obviate  this  delect,  and  for 
soother  purpose  that  will  follow,  two  brass  wire  brackets, 
1-2,  1^  are  fixed  iu  the  front  of  the  base  of  the  initronienl, 
on  which  the  slips  are  first  laid,  and  there  taken  up  by 
I «'o  };liisi  hooks  covered  with  sealing  wax,  with  which  they 
are  placed  on  the  hooks  of  the  tolamn.  1  shall  give  a  gene- 
rul  idea  of  these  trials  under  the  following  head. 

Rip.  11.  The  substuoces  of  this  class  liavingmoreorExp.il. 
\ru  emducling  facully,  they  lessen  in  difl'erent  degrees  the 
dloergence  m  the  electroscopes,  by  trausiniiting  more  or  less 
tUttrie  jluid  from  A  to  B.  This  is  u  curious  kind  of  ex- 
periments, but  as  the  particulars  are  not  here  my  object,  t 
ihall  relate  only  one,  concerning  the  physiology  of  vegeta- 
bles, which  may  tend  to  others  of  the  sunie  kind.  Having 
repealtil  in  presence  of  Dr.  Lind  these  experiments  on  the 
dtiierent  foadueting  faculties  of  various  bodies,  I  showed 
him  n  phenomenon,  which  had  surprised  me.  A  thin  slip  Difrerence  m 
of  (in/,  cot  o/odjir  the  _/I6rM,  being  applied  to  the  column,  ^^g'^'J"^' 

ere  remaiued  but  little  divergence  in  the  electroscopes; 

Itile  ■  slip  of  the  tame  wood,  of  the  same  thickness  and 
breadth. 
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brmdth)  but  cut  aervtt  the  Jihrri.  prorhiceil  miipli  less  di- 
minatinn  in  the  dhergmce.  Dr.  Lind  foiiiiH  probably  ihe 
cRDie  of  ttiit  diflference,  aligning  it  to  the  xititatioii  of  the 
rtAnout  itibstaiK-c  within  that  nood  :  it  d»es  not  beloti<;  In 
lhp/?trM  theiDBdvta,  since  they  transmit  pasily  the  p^^dr/c 
JluU;  it  ii  lodged  brtween  \\\e  ^brei,  and  thiiH  formt  an 
imppd intent  to  the  passage  of  thi'  Jiuid  from  Jibre  \o  fibre 
in  ihe  (lips  L'lit  a<  rou  them. 
,  When  these  experimenti  are  made  with  the  view  of  try- 
"-'ing  tlia  iiualatiiig  property  of  bodies,  still  mure  preciutioii 
it  retjuircd  in  pteciim  ihem  on  the  hooks  of  llie  rvhmn :  for 
till'  bodies  flt  for  this  u«e  brinj^  fundnmeiilally  impermeable 
to  the  tietlrie  malltr,  their  f/«yric  itate  is  changed,  more 
rr  less  permanently,  hffriclKn;  nnd  ibis  in  the  manner 
vhich  I  iolend  to  explain  in  a  future  paper.  A*,  however, 
they  can  hardly  be  hundled  iviihout  some  /rtclioti,  they  act 
upon  the  column  by  their  tnjfvettcf  (an  effett  ihtit  I  shili 
■how  directly  hereafter),  and  ibeir  insulating  property  coa- 
tiot  be  observed,  an  account  of  the  disturbance  which  they 
produce  in  the  sttite  of  ihe  rohmn  itrelf.  These  bodies 
therefore  must  remain  a  little  timeunlovehtd  on  ihe  bracketi^, 
snd  he  there  hrtaibcd  upon,  in  order  that  the  moiVure  of 
the  breath  m»y  dif.si]iale  their  eleclriia'iun;  serving  as  a 
totidtielor  for  their  whole  surface  to  the  ground,  through  the 
brackets;  and  when  the  moislurf  is  evaporated,  the  rods 
are  taken  up  there  nith  the  insulating  hooks  and  thus  tiy- 
ptied  to  the  column- 

These  ex[ierirnenlB  are  particularly  useful  for  a  better 
knowledge  of  iuiufation,  a.  jwiiut  very  important  in  the  con- 
struction of  e'ectnc  apparatusees  ;  fur  many  experiments 
fail  for  want  of  a  complete  itisuladon ;  and  I  do  not  know 
of  any  shorter  and  surer  luelliod  of  trying  ihe  ijtsvleiing 
Faculty  of  varnishei  laid  on  );lass  for  this  pnrpofe,  than  thnl 
of  applying  tn  the  coluniu  rods  of  gtasi  coveied  with  ibem. 
I  »hull  also  give  only  b  general  idea  of  this  clau  of  trials 
under  the  following  head. 

Erp.  13.  It  is  very  seldom,  thnt  a  nnked  glau  rod,  be- 
in^  placed  on  the  hooks  uf  thv  ruhmn,  does  not  sensibly 
diminish,  in  a  little  time,  the  divcgface  in  the  electro- 
BcopeM,  by  transmitting  alonly  t>oine  flectric  Jiuid  from  A 
to  {i:  bitt  this  is  mote  or  less,  according  to  the  nature  of 

the 
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the  glass;  llierefore  lli<!se  diflerences  may  become  s  parti- 
tul«r  olijtt.-t  of  experiments,  concerning  the  properly  of 
Hiffirent  glaiiea  for  electric  pnrposcB,  by  comparing  the  ef- 
fects of  cIiH«r«at  rods  on  llie  jlettroscoptB  of  ihe  ru/unm  I 
much  cure  being  tuken,  that  nil  efleet  of  _^irlJon  be  iliriBt- 
putedt  Wiih  respect  lo  varnishes,  »  proper  staling  (Mr 
Uid  OFer  the  glass  when  hot  is  the  be&I  coating  which  I  hare 
found;  B  tod  of  this  kind  produces  no  change  in  the  elec- 
iroscopeii.  But  all  teating  waxes  have  not  the  liume  pro-Snlinii 
(If  rt}',  and  before  I  had  deviaed  thU  mode  of  trial,  I  was  q^,, 
■oinetimes  disappointed  in  the  construction  of  the  small  set 
('f  elei'tric  appuratuaees,  which  I  have  mentioned  in  the 
fnruier  paper,  even  in  that  of  the  tleelrateopes  of  the  co- 
luma,  as  the  top  of  their  glass  bottle  must  be  iniulaliag. 
The  lealivg  uMtx  reckoned  i\te  jiaett,  became  it  melts  more  but  molt 
easily  and  spreads  more  smoothly,  is  not  6t  for  this  purpose,  ' 
Its  vuftness  bcin);  prfiduced  by  spirit  of  wine.  In  general, 
for  this  esfteutial  chojci'  of  an  ittatlaling  coating  on  glou, 
the  column  is  very  useful ;  lor  by  laying  the  different  conl- 
ingt  on  glas$  rods,  and  placing  these  on  tliii  hooks  of  the 
tolmaim,  those  which  will  be  found  to  dimioifth  the  divergenet 
ID  the  electroscopes  ar«  not  completely  insulating,  and  that 
loaling  must  be  used,  by  which  the  dioergmcet  are  not  ef- 
fected. 

1  come  to  the  impression  produced  on  the  coIhihh  itself.  Effect*  d 
when  there  remaim  suoie  eHect  otj'rictiim  on  the  inmtalmg  "''"  ?"  '' 
rods  applied  to  ii.     The  experimeuts  on  this  object  will,  at 
the  same  time,  afford  a  new  verltication  of  the  cause   which 
I  hut-e  utiiigned  to  the  motiuA  of  tht:  elecirie  Jlvid  in  the  t9- 
Iuihh  {or  ihv  pile),  l>y  what  is  called  the  eleeiric  htfittmcei 
the  /(Uffj  of  which,  hrst  really  determined  by  Sig.  Volta,  I 
have  expluined  by  some  modiHcatiwits  of  the  tector,  which 
will  be  perceived  lu  the  following  experiments;  sboning  at      ' 
the  same  time  the  effect  of  the  ambient  air,  such  as  I  have 
determined  it.     The  proper  time  for  these  cNperimeuts  is  ' 

alko  wiieit,  from  the  elecirie  state  of  the  ambient  air,  there 
is  not  much  dieergenee  in  the  elcctrodCopcB  of  the  cutamn. 
They  muy  be  made  with  imkcd  glass,  whichyhr/tim  ren- 
ders potilicti  and  with  a  glass  rod  covered  with  sealing  jcax, 
which  thus  becomes  negative.     1  sbuU  expluin  the  pheno- 
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tnena  produced  by  the  latter,  because  it  retaiuft  longer  the 
effect  ofjriciiom;  those  produced  by  naked  glass  are  of  the 
sasne  naturej  only  reversed. 
E«p.  IS.  JSjrp.  13.     A  glass- roc'  covered  with  sealing  wax  must  be 

rubbed  so  gently,  that»  when  applied  to  the  column^  it  only 
iDcreases  the  divvrgimce  of  the  ^oid  leaves  at  the  negative 
side,  without  any  striking,  else  the  efiects  would  he  confused : 
^hen  it  produces  the  projier  eiVecl,  the  phenomena  are  the 
following. 

1.  At  the  moment  when  the  rod  is  phiced,  the  divergence 
increases  at  the  negative  side,  and  diminishes,  or  even  ceases 
at  the  positive  side.  The  cause  of  these  effects  is,  that  the 
expansive  power  of  the  electric  fluid  is  lessened  in  the  whole 
column^  by  part  of  its  vector  passing  to  the  negative  rod, 
where  its  quantity  ia  less :  and'  as  however  the  equilibrium 
of  the  electric  fluid  in  the  column  requires  more  electric  mat' 
ter  on  zinc  than  on  copper^  the  latter,  at  the  first  moment, 
loaet  more  of  it,  but  not  sufficiently  to  compensate  the  loss 
of  expansive  power  at  the  zinc  side :  therefore  less  electric 
fluid  passes  into  the  gold  leaves  of  the  latter,  which  full  in 

consequence  of  this  diminution. 

2.  Within  a  little  time,  the  positive  divergence  is  renewed 
at  the  sine  side,  and  the  negative  lessened  at  the  capper  side. 
This  effect  is  produced  by  the  ambient  air,  which,  during 
the  diminution  o(  expansive  power  in  the  column,  yields  to  it 
some  electric  fluidf  especially  to  the  copper  side  which  was 
become  strongly  negative;  and  thus  the  former  equilibrium 
is  restored  in  the  column, 

3.  The  proof  of  the  above  explanations  of  the  phenomena 
observed,  which  embrace  the  whole  system,  both  of  the 
motion  of  the  electric  fluid  in  tlie  column^  and  of  the  influ- 
ence of  the  ambient  air  on  this  instrument,  is  obtained  by 
suddenly  removing  the  rod:  for  the  new  quantity  of  electric 

fluid  communicated  to  the  column  by, the  air  during  the  tn- 
fluenct  of  the  negative  body  makes  both  gold  leaves  strike 
at  once  on  the  zinc  side  by  a  very,  great  divergence. 
ESiBcticf  dt^       The  last  object  concerning  the  theory  of  the  electric  ef" 

site  ft  number/^^''  ^°  ^^^^^  ^^^  column  and  the  pile^  which  remains  to  be 

of  platsi..         considered,  relates  to  the  difference  between  the  effects  of 

the  number  of  groups  and  the  size  of  the  plaiesp  considered 

under 
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under  (wo  distinct  points  of  view,  on  one  of  which  1  have 
already  given  on  experiment  in  my  former  paper;  but  I 
haw  repented  it  in  a  different  manner,  nhich  will  i:outirin 
my  system  on  thise  phenoTneitn. 

Exp.  14.  The  eolamn  of  6(iO  gnops,  represented  in  the  Exp.  14. 
figure,  h«3  bepn  composed  of  ihrei-  eohmits  of  UOO  groupi 
each,  which  i  had  used  separaii'ly  from  the  begihniijf  of 
these  experiments;  but  before  they  were  united  together  for 
the  parpose  of  the  aerial  eltflroicipe,  I  tried  their  efi'ects  la 
the  three  followin(;  combinutioriB. 

1.  1  applied  futcesmvety  lo  the  snuie  elctlroteope  the  same 
extremity  {(it\\fT  jimiiirK  ar  itrgathe,)  of  enc\t  rolumn,  the" 
oppOMle  extremity  bein^  pinced  in  ('ommunieation  nith  the 
ground;  and  1  obNerved  the  qunntily  of  divergmce  produced 
by  each  co/timv,  «hich  nos  nearly  the  tame. 

2.  I  apphed  the  three  cnhinmi  at  the  same  time  to  the 
eheiroscopt,  cnch  of  iliern  remiining  in  communication  with 
the  ground;  mid  ihe  diversenre  was  not  greater  than  it  had 
been  with  the  most  active  of  the  single  ralnmna. 

3.  But  hnviuj^  eonnected  the  three  cobimni  as  one,  by 
placing  coudnciors  between  their  opposite  extremities,  and 
eonoecting  one  exiremity  of  the  whole  with  theelectroecope, 
the  other  beinp  in  communicntion  with  the  ground  ;  the  ef- 
fect was  <a  much  increased,  that  the  gold  leaves  itruck  the 
sides  of  the  eieirtroscope, 

Tliis  pTOve?,  under  a  different  form,  the  same  proposition  Number  of 
which  I  had  stated  in  my  former  paper,  namely,  that  the  pi'i"  »"»'■>- 
simple  tlivergettce  in  electroscopes  depends  only  on  the  den-  ^,J'^ih"of  » 
tily  of  the  eteelrit  finid,  and  the  density  on  the  tttimbrr  of  pump  fof  rai*- 
gTOvpi;  HI   the   same  time    that'll    confirms  the   cause  ' 

which  1  hud  assigned  to  tlieae  ellects;  and  as  they  are  ana- 
logous to  many  kinds  of  phenomena,  I  shall  use  another 
pjcumple  to  explain  it,  that  of  pumps.  As  the  height  ta 
which  water  can  be  laiW  by  pumps  does  not  depend  on  ei- 
ther their  jinmft^r  or  tize,  but  on  tlieii  length;  so  in  the 
above  experiment,  with  three  concurrent  co/unmi  of  200 
groups,  ihc  (/en*ify  of  the  elz-tiiicjlvid  waa  not  increased  on 
one  extremity,  nor  consequently  the  divergence  ^t  either  ex- 
tremity, more  than  with  one  column;  nor  could  more  have 
been  done  with  one  column  of  the  same  number  of  grmtpt 
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of  whatever  she.  Bui  ag,  in  takin<;  ibe  water  at  the  -mnie 
level,  n  pump  <)f  30  feet  will  brit)^  il  three  times  as  high  as 
three;)>(m;)f  of  lOfeet;  folii the alwve experiment,  the  column 
of  Coo  groupi  produced  probably  three  times  as  much 
«hHn{|;e  of  dnaUy  ia  the  e/cctrie  fiuid,  with  a  proporlioiiDl 
dher^fncg,  as  did  the  three  coliimHS  of  900  gruupE,  indi- 
viduidly  acting  on  ihe  sam?  Inn  /mr',  or  degree  gf  deniUy, 
thut  of  the  iifanifarfi  of  p/m  or  minu$, 
.  But  if  in  this  case  the  jjtff  of  the  plalis,  m  the  muUipli- 
<--  cation  of  their  num/j^r  at  ihe  same  Numcricu/ iliaiuiices  from 
'  the  extremities,  be  indilTerent,  it  ia  not  the  same  \t.  some 
other  cases,  as  I  shall  illiislrate  by  the  same  analogy.  In 
the  above  caae,  the  height  to  which  the  waftr  was  to  be 
tatsed  being  ihe  only  object,  the  number  or  size  of  the 
pnmpa  was  iiidiiTerent ;  but  if  a  eurrenl  islo  Iw  produced  at 
that  level,  eitWi'  with  a  certain  degree  of  rupidily,  or  of  a 
certmn  volume,  then  the  diameter  of  the  pumps  comes  in  as 
a  coiiditiun.  The  foUowiug  esperimcut  will  show  the  ana- 
logy of  this  ease,  with  the  eftects  of  the  differeut  sizes  of 
plates  in  the  co/umn, 

Exp.  is.  T  made  two  other  columns  of  200  groups  each ; 
but  these  i  only  cut  sfguure,  for  uiie  of  \,  aud  for  the  other 
of  1  of  an  inch,  *till  xinc  aud  Dtttc/-  giU  paper.  These  two 
columns  produced  sensibly  the  same  divergtnce  as  the  for- 
mer, in  the  same  electroscope;  but  in  this  was  already 
chowu  the  diderent-c  in  other  Te&pecU;  the  time  for  pro- 
ducing this  diorrgeute  was  ii)  the  inverse  ratio  of  the  sizeof 
lU&  plates. 

This  experimeut  gives  a  clear  idea  of  the  effect  produced 
by  a  greater  size  of  the  plates,  both  in  the  pile  and  in  the 
^ulumv.  In  the  circuil  of  the  former,  with  the  iame  hum- 
ber  of  groups,  the  etiects  are  proportional  to  tlic  site  of  the 
plates,  because  the  tarrent  of  the  electric  jiuid  becoaiiug 
dejiHer  and  more  rapid  in  passing  through  the  wires  used  in 
these  operations,  the  ellects  are  greater,  in  proportion  to 
the  number  of  eipial  pons  of  surface,  either  in  a  few  or 
loany  pfalei.  eoncurrin^  to  produce  the  motion  of  the  e/ir- 
irie  Jtuid  which  arrives  at  the  entmuce  of  this  narrow  cliun- 
liel.  That  diS^reiice  in  Ihe  rnpidity  and  density  of  the 
furrtui  cDititot  be  discovered  in  ilie  circuit  of  the  cDlumn, 
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the  condition  to  whirh  rhemical  effitcU  are  owing  ii 
.9  I  have  ex|ilniiit^d  io  my  former  iiuper;  but 
>(  lite  pl(ftes'VtRoeacea  thej're^ueucy  of  the  tirildngs 
electi'OM.*o|>ic  p^Ri/u/d,  when  their  simple  diiier- 
Lexci^cded  ;  Iwcause  cadi  time  that  one  of  thetn 
tithe r  ut  ihe  negaiiet  or  the  foiifiVe  side,  tlml  iii- 
nmunicaiion  of  the  ru/wntn  with  the  ground 
HP  some  degree  ilB  eUclric  slate  ;  and  the  same  stare 
RKslored,  (o  produce  another  tlriking,  in  prupor- 
It  size  of  ihe  p(alet,  with  the  Baniv  nuuiber  o( grotips. 
enter  as  an  essentiul  circumstance  into  the 
lof  thi»  paper,  coiiceruiug  the  aerial  eiectroscope. 


II. 

I  Uclure  for    isog.     (hi  some  nno  Eltctro' 

gu/  ileiearehes,  im  various  Objecti,  parttcularlff  ilie 

Bodies  from   the  Alkalis,    and   Earths,    and  ok 

mbiaatiom  of  Hidrogett,  By  Humphry  Davy, 

j^r.  /;.  i'.  F.  It.  S.  E.  M.  R.  I.  A. 


\' 


(■Coniladedfromp.55.J 

l\.     O'i  the  Metab  of  Earths. 

tried  a  number  of  expeiiwents,  with  the  hopes  Metaliof  tii« 
H  the  same  distinct  eiidenees  of  the  decomposition  ^°'^'^'«i 
tfitamoa  earths,  as  those  afforded  by  the  electro- 
B  pTOcessM  ou  the  alkalis,  aud  the  alkaUue  eaiths. 
1^  that,  when  iron  wire  ignited  to  whiteocas,  by  the  .pp.renilr 
tf  1000  double  plates,  is  negatiiely  electrified  and  combined  wh4 
Ik  contact  with  either   nilex,  alumine,  or   gluciue, 
Woisteiied  and  placed  in  hidrogen  gns;  the  iron  be- 
little aod  whiter,  and  uRords  by  solution  iu  acids  au 
(the  same  kind,  as  tiiut  which  lias  been  employed  in 
imeot, 

potassium  in  vapour  through  each  of  these  poimluia  » 
Lted  to  whiteness  in  a  platinaiube:  the  results  "t"*"' 
kable,  and  perhaps  not  unworthy  of  being  fully 


m 
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pMsedthrough      When  e'llex  was  employed,'  being  in  the  proportion  of 
'  about  ten  grains  to  four  of  potassium,  no  gas  was  evolved, 

except  the  common  air  of  the  tube  mingled  with  a  little  in- 
flammable gasy  not  more  than  might  be  referred  to  the 
moisture  in  the  crust  of  alkali  formed  upon  the  potassium*. 
The  potat«sium^  was  entirely  de^t^oyed;  and  gla»s  with  ex- 
cess of  alkali  was  formed  in  the  lower  part  of  the  tube;  when  > 
this  glass  was  powdered,  it  exhibited  dark  specks,  having  a  j 
dull  metallic  character  not  unlike  that  of  the  protoxide  of  • 
iron.     When  the  mixture  was  thrown  into  water,  there  was  ;i 
only  a  very  slight  effervescence;  but  on  the  addition  of  ^ 
muriatic  acid  to  the  water,  globules  of  gas  were  slowly 
liberated,  and  the  effect  continued  for  nearly  an  hour;  so  • 
that  there  is  great  reason  <o  believe,  that  the  silex  had  been  , 
either  entirely  or  partially  deoxigenated,  and  was  slowly  re-  ; 
produced  by  the  action  of  the  water,  assisted  by  the  slight  n 
attraction  of  the  acid  for  the  earth.  i 

When  the  potassium  was  in  the  quantity  of  six  grains,  ^ 
And'  the  ailex  of  four  gmins,  a  part  of  the  result  inflamed  ^ 
ipontaneoasly  as  it  was  taken  out  of  the  tube,  though  the  i 
tube  was  quite  cool,  and  left,  as  the  result  of  its  combus-  } 
tion,  alkali  and  silex.  The  part  which  did  not  inflame  was ) 
similar  in  character  to  the  matter  which  has  been  just ) 
described,  it  did  not  act  upon  water,  but  elTervesced  with  i 
muriatic  acid.  ■, 

ahimine,  aad       Potassium,  in  acting  upon  alumine  and  glucine,  produced  , 
f^ucioe.  more  hidrogen  than   could  be  ascribed  to  the  moisture  | 

present  in  the  crust  of  potash ;  from  which  it  seems  probable, 
that,  even  after  ignition,  water  adheres  to  these  earths*        ^, 

The  results  of  the  action  of  the  potassium  were  pyrophoric 
substances  of  a  dark  gray  colour,  which  burnt,  throwing  oiF^ 


*  The  results  of  tbis  experiment  are  opposed  to  tbe  idea,  that  pot'* 
•ssiam  is  a  compound  of  hidrogen  and  potash,  or  its  basis;  fur,  if  so, 
it  mi$bt  be  expected,  that  tbe  hidrogen  would  be  disengaged  by  the 
attraction  of  the  alkali  for  silex.  In  my  first  experiments  on  this 
combination,  I  operated  in  an  apparatus  connected  with  water,  and  I 
found,  that  the  potasahim  produced  as  much  hidrogen,  as  if  it  had' 

I 

been  made  to  act  upon  water;  in  this  case  the  metal  had  rapidly  de4 
composed  the  vapour  of  the  water,  which  most  have  been  constiatly  -_ 
Mipplied.  M 
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kk*.  and  leaving  beiiiml  alkali  and  earth  ;  nnd 
when  thrown  upttn  water,  liecoin- 
ence.  I  examined  the  producti  in 
II  alumine.  Slid  one  on  );l"cine,  in 
troduced  into  the  platina  tube,  to  pr«- 
were  very  friable,  and  prc- 
:  parlidea,  which  were  as  soft  as  pot- 
lall,  thttt  they  could  not  be  separated,  xo 
ned  ;  they  melted  in  boiling 
a  part  of  the  potassium  must  liarc  been 
employed  in  decomposing  the  earths  in  these  experiments, 
or  it  had  entered  into  combination  with  them,  which  is  un- 
bkely,  and  contrary  to  analogy,  and  opposed  by  some  ex- 
periments which  will  be  Immediately  related. 

Supposing  the  metals  of  the  earths  to  be  prmliiced  iii  ex-  ^'""'PJ, '" 
p«riin«ail(  of  this  kind,  there  was  great  reason  to  espect,  ,^,h  d,,,,,. 
that  they  might  be  alloyed  with  the  common  metals,  aa  well 
as  with  putusiiium.  Mercurj-  was  the  only  substance,  which 
it  i*ss  safe  to  try  in  the  tube  of  pUtina.  1»  all  casts  in 
which  the  potassium  v-ui  in  excess,  I  obtained  amalgiima 
by  mlroducing  mercury  while  the'tube  was  hot;  but  the 
alkaline  metal  gave  the  characters  to  the  amalgam:  and 
though,  in  the  case  of  glucine  and  illumine,  a  while  matter 
separated  during  the  action  of  very  weak  muriatic  ncid  upon 
the  amalgam,  yet  I  could  not  be  entirely  satislied.  th«t 
ther«  was  any  of  the  metals  of  these  earths  in  triple  coin- 
bi  nation. 

Mixtures  of  llie  earths  with  potRss 
.11  eoiilact  with  iron  filings,  and  covered  w 
.lay  crucible,  gavemuch  more  distinct  n 
.1^1,  alumine,  or  glueine  was  used,   thi 
,1  -tii  mass  in  the  centre  of  the  crucible ;  i 
(lerfettly  nietsllic  chararlers.     It  was  in    all  cases  mucl; 
ahitrr  and  harder  than  iron.     In  the  instance  in  which  sileii 
*n»   u^ed,   it   brcke   under   the   hammev,  and   exhibited   n 
crystalline  te!tture.     The  alloys   from  nlnmine  and  ghicint 
«cre  imperfectly  malleable.     Each  aftbriled  by  solution  ii 
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BCidi,  evnporation,  and  tteutment  with  reagent*,  aside  of 
iron,  alkali,  and  notable  quantities  cf  tlie  eanh  employed 
in  the  experiment. 

Though  I  fould  not  procure  decided  evidences  of  the  pro- 
daction  of  an  amalgain  froin  the  metals  of  the  commoQ 
earths,  yet  I  succeeded  perfectly  by  the  same  method  of 
operating  in  making  aioalganas  of  the  alkaline  earths. 

By  pasHinj^  potassium  through  lime  and  raagnesia,  and 
then  in*.rod|icing  mLTCurj.  1  ubtaiued  solid  aiualf;;ains,  which 
COnsistedof  potassium,  the  metal  of  the  earth  employed,  and 
mercury. 

The  amalgam  from  magnesia  was  easily  deprived  of  ils 
polajisium  by  the  action  of  water.  It  then  appeared  as  a, 
solid  white  metallic  mass,  which  by  exposure  to  the  air  be- 
came covered  with  a  dry  white  powder;  and  which,  mhea 
acted  Hpon  hy  weak  rpuriatic  acid,  gave  off  hidrogen  gas  in 
consid<.i-able  quantities,  and  produced  a  Bolution  of  tnag- 

of  By  operations  performed  in  this  manner,  there  is  good 
reason  to  believe,  it  will  be  possible  lo  procure  quantities  of 
the  metala  of  the  alkaline  eavths,  sufficient  for  determining 
their  nwtore  und  agencies,  and  the  ijuanliti**  of  oxigen 
which  they  absorb;  aud  by  the  solution  of  the  alloys  con- 
taining the  metaU  of  the  common  eiirths,  it  seems  prubable, 
that  the  proportions  of  metallic  matter  in  these  bodies  may 
likewise  be  ascertained. 

1  On  an  hypoihewB  which  I  have  before  brought  before  the 
Society,  namely,  that  the  power  of  chemical  attraction  and 
electrical  action  may  be  dilTerent  exhibitioos  of  the  same 
property  of  matter  ;  ai.'d  that  oxigen  aud  inflammable  bodies 
are  in  relations  of  attraction,  which  correspond  to  the  func- 
tions of  being  neijative  and  positive  respectively;  it  would 
follow,  that  the  Mttnictions  of  ue'ith  for  salifiable  bases  would 
be  inversely  as  the  qnantity  of  oxIgiTi  that  they  contain  ;  and 
supposing  llie  power  of  uitraction  to  be  measured  by  the 
quautity  of  batis  which  an  acid  dissolves,  it  nould  be  easy 
to  infer  the  [guaiiiiiies  of  oxigeu  and  metallic  mutter  from  the 
qnautities  ofacidund  of  basis  ia  a  neutral  aslt.  On  this  idea 
1  had  early  in  1808  concluded,  that  barytes  iHust  contain 
the  least  oxigen  of  all  the  earths ;  and  that  the  order,  as  to 

the 
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'•A«  quantity  of  inflammable  matter,  tnuU  Le  atrontiles, 
polashi  soda,  lime,  nnil  so  on  ;  nni)  lliut  silex  inuAt  contnin 
the  Urijesl  quanlit^  of  o\i»fn  of  all. 

If  the  most  im-urat'' oiiHlyties  be  taken,  bniytn  may  be  Infaencts. 
conceived  to  coninin  about  yO-5*  of  meul  per  ce«t,  strontites 
set,  lime  73-5».  maKneaiu,  6fiJ. 

Thevame  proportjuiis  nouUt  follo«  from  an  spplioatioii  of  Comptvitioi 
Mr.  Daltom's  iiiijeriious  sn|)poaiiion§,  th»l  the  ptuportion  neuriil^t 
of  oxigen  in  the  same  in  all  protoxides  ;  and  tijal  tlie  C|aaii- 
tity  of  acid  Is  the  same  in  all  neutral  auIis,  i.  e.  tliut  every 
neutral  salt  is  compobL-d  of  one  purlitle  of  nielal,  one  of 
oxigen,  and  one  of  acid. 


■  Mr.  Jama  Thompson,  Nicholioa'i  Jonrtwl,  lol.  xxnf,  p.  tTS,  *nd 
Benhier. 

t  Mr.  Clijfield.    Thompscn'B  Ch«miuiy,  -ni.  ii.  [>.  &S6,  C^9. 

J  Mutny'i  Chemiiirjr,  tul  hi,  |>.  6lG, 

%  Die  princlplF,  that  1  hdTc  lUtcd,  of  the  alfinirf  ol  in  iciil  far  a 
nimabte  bail*  being  irneisely  u  [lie  t]u]iiiliy  of  ux^e*!!  connintd  by  ihe 
bnii,  lhou|h  Riincit  frum  Ihe  compiritoii  of  (be  rlectticil  lelaliuns  cjf 
IheMithtuiih  their  chemical  affinitin,  ill  li>  numcrul  ipjiliralions, 
man  bo  comidertid  mcielf  hi  cameqiience  of  Mr.  Dalioii'l  law  of 
gmcial  pioponiona.  Mi,  Dalton  hnd  indeed,  la  the  tpiine  of  ISOS, 
eoamunicaieil  to  me  a  leriet  nf  propDnintii  for  ibe  ilkilii  and  ■Iboline 
earths;  which.  In  ihc  cue  of  the  alkalit,  were  not  Trr)'  lemolc  riom 
what  1  had  MceilaiDed  by  diiecl  ntperimenlt.  Mr.  Gi>  I.n^uc't  prin- 
ciple, thit  the  quantilj  of  sdil  in  mttairH:  nail)  It  direcllf  al  the  quamilj 
of  ONl[eB,  miglit  (ai  rai  ai  It  It  ciinect]  be  inftrrcri  fion  Mr.  Djiloii'a 
law ;  thDUfh  ihif  in|;eaious  uhemul  srates,  that  he  vta  led  to  il  by  dif- 
Icreiit  eonsidcratioD)'  According  to  Mr.  Dslion,  ilietc  is  a  ptopoilion 
of  oitig-n,  tlie  tame  in  all  pnitonidei;  and  there  ua  profxinion  ol  acid, 
the  aama  in  >U  neutral  iilts;  and  new  propoitiiini  of  oxiiien  and  of  acid 
■raalwayt  nialtiplai  of  ibete  prnpoTtinns.  So  that,  ifsprolnxide,  in 
becoming  a  deuloxide,  lakei  up  more  acid,  it  will  be  at  Uatl  doable  Ihn 
quanlitf  ;  aud  in  iheie  caies  ibeoxieen  will  bestricily  an  ibe  acid.  Mr. 
IMien'*  law  eien  prcnidei  for  CMis,  to  which  Mr.  Gay-LnsacH  will  not 
apply;  a  deuloxide  may  combine  with  a  single  quanlily  of  icid,  or  a 
pieloiide  with  a  double  ijuanlily  Thui  in  the  insoluble  oiiinlphal  of 
iron  pcrleciiy  fnrnied,  (u  •ume  ex  peri  mend,  which  I  hare  lilely  made, 
SMtn  lo  ihow,')  (here  U  prolubly  only  a  liiigle  proportion  of  acid  ;  and 
in  ihe  lupeilaiitite  of  poiash  iheie  i>  only  a  single  i^tunittj  of  oiigen, 
•Ada  double  quaoliiy  of  acid.  Wheihai  Mr.  DJlon'i  law  will  apply  to 
all  tatn,  is  a  question  which   t  ihsli  not  in   lhi<  piLice  iilenipl   lo 
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We  are  in  poss^on  of  no  accurate  eKperinienta  on  the 
quantity  of  acids  required  to  dlsGolve  alumine,  glucint?,  and 
Giles;  but  according  lo  Richter's  estimation  of  the  compo- 
eition*  «f  phosphate  of  alumine,  alumine  would  appear  to 
contain  about  S6  per  cent  of  metallic  uiatter. 

Mr.  Berzelius,  in  a  letter  which  I  received  from  him  a 
few  months  agof,  etatM,  that,  in  making  an  analysiR  of 
cast  iron,  he  found,  that  it  contained  the  metal  of  si  lex ; 
and  that  this  metal,  \a  being  oxidated,  took  up  uearl;  half 
its  weight  of  onigen. 

If  the  composition  of  ammonia  be  calculated  upon,  ac- 
cording to  tilt  principle  above  itated,  it  ought  to  consiat  of 
53  of  metallic  matter,  and  about  47+  of  oxigen,  which 
agrees  very  nearly  with  the  quantity  of  hidrogeo  and  am- 
monia produced  froui  the  amalgam. 

Though  the  earljr  chemistii  con^dered  the  eartha  and  the 
metallic  oiides  as  belonging  to  the  i^ame  clau  of  bodies, 
and  the  earthx  as  calcea  which  they  had  not  found  the  means 
of  combiuing  with  phlogiston;  and  though  Lamsior  in- 
sisted upon  thia  analogy  with  his  usual  sagacity;  yet  atill 
tlie  alkalis,  earths,  and  oxides,  have  been  generally  con- 
sidered as  separate  natural  orderR,  The  earths,  it  has  been 
said,  are  not  precipitated  by  the  triple  prussiatcs,  or  by  the 
solutions  of  gHllH§;  and  the  alkalis  and  alkaline  earths  are 
both  distinguished  by  their  solubility  in  water :  but  if  such 
characters  be  admitted  us  grounds  of  distinct  classilicationt 
the  cooimon  luetaU  must  be  arranged  under  many  different 
divisionG;  and  the  more  ihe  subject  ia  inquired  into,  the 
more  distinct  will  the  general  relations  of  all  metallic  sul>- 
stauces  appear.     The  alkalis  and  alkuliue  earths  combine 
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t  lu  iLe  aiune  rummunkaliua  (hta  Bblefhrniit  infurmpd  me,  that 
hf  hull  Eucuetded  in  dKoroposiiif  the  carlh^  tiy  igniling  Ibcm  6traD|Iy 

J   1  tnk*  the  (iroportioiM  of  Ihe  Tolumcs  fi-oni  the  ' 
of  Mr-  G&y-Lu»ac,  ua  Ibe  cunihinatiuoi  nt  ^Bnci 
d'ArCueil,  toin.  ii,  |»gc  813 ;  and  the  wtighii  iVuni  my  owd  nlima- 
Ikin,  according  lu  which  luu  cubic  inclifS  uf  inurialic  Bcid  ;;aa  weigh. 
39  grain",  at  the  mean  Icmpcratiirv  and  pnsture,  whirh  ia  Tery  utaHy       ^ 
the  nunc  ■£  the  weight  prtn  hy  Mc^grn.  Gay-LmBSC,  and  Tbeonrd. 

^  KJspiifth.  Annulro  dc  CLimie,  lom,  a,  p.  277. 
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•itb  prOMic  Bcid,  and  form  compounds  of  different  degrcps 
of  sutubilily ;  and  solutious  ((f  biirytes  (as  Iibb  beeD  Bhonii  by 
I>r.  Heary  and  Mr.  Guyton,)  precipilttte  the  tripl<^  pru»- 
I!  of  patasli :  the  power  of  combination  is  );;eii<:riil,  but 
compounds  formed  are  soluble  in  ditierent  degrees  ia 
Water.  The  case  ia  analogous  with  tiolutiooB  afgallii;  these, 
•8  I  have  mvnliooed  in  a  paper  published  in  tlie  Ptillosopbi- 
'.tea\  Transactions  for  ISOd,  nre  precipitated  by  ultuost  all 
pentrouiline  solutintis;  and  they  form  compounds  more  or 
les«  soluble  in  wnter,  more  or  less  coloured,  aud  dill'erently 
ivoloincd  with  all  saliliuble  bnies.  It  is  needless  to  dwell 
«p6ii  the  combinations  of  the  alkulis  und  earths  with  oils,  to 
fioapH ;  and  of  the  earthy  soaps  some  are  equally  in- 
soluble with  the  metallic  xoape.  The  oxide  of  tin,  and 
oxides  abounding  in  oxigen,  approach  very  near  in 
iheir  general  characters  to  zircon,  silex,  and  alumine;  and 
habits  of  amalgamation,  and  of  aMoy,  ho^  near  do  the 
nctals  of  the  ulkalis  approach  to  the  lightest  class  of 
^xidable  metals? 

It  will  be  unnecessary,  I  trust,  to  purnue  tlipce  analogies  ^ 

«ny  f'rlher  i  and  I  shall  conclude  this  section  by  a  few  re- 
BHarks  on  the  alloys  of  the  metaU  of  ihe  common  earths. 

It  is  probable,  that  these  alloys  may  be  formed  in  mony  AHori  ftmned 
ictallni^ical  operations  ;  and  that  small  ijuantities  of  them  c"]™,^^"^!! 
wy  in6Dence  materially  the  properties  of  the  compound,  wliiih  affect 
,»h»h,l,ey.xi...  inSS:, 

In  the  couvereion  of  cast  into  malleable  iron,  hy  the  pro-  as  iron, 
tM  of  blooming,  a  considerable  (juantity  of  glass  separates, 
'hich,  OS  far   as   1   have   been   able   to  determine,  Irom  a 
««arse  examination,  is  principally  silex,  alumine,  and  lime, 
vitrilied  with  oxide  of  iron. 

Cast  iron  from  a  particular  spot  will  make  only  cold  short 
on;  while,  from  another  spot,  it  will  make  hoc  short :  but 
by  B  combination  of  the  two  in  due  proportions,  good  iron  is 
^odnced.  May  not  thib  be  owing  to  the  circumstance  of 
tfaetr  containing  different  metals  of  the  earths,  which  in 
compound  alloys  may  he  more  oxidable  than  in  simple 
iftlloys,  and  may  be  more  eanily  separated  by  combustion-^ 

Capper,    Mr.    Berxelius    informs    mt-,    ia   hardened  by 
4ilici<i».     la  some  experiments  that  I  made  on  the  actioD  >"^  copiicr. 
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'  V.  Some  CunsidfTations  nf  Theorif  iUustraled  by  new  Fuels. 

VpocuUiiDDf        Hidro^en  is  the  body  which  combines  with  the  largesf 

■fbirirD^en,     proportion  of  oxigeu,  and  yet  it  (tixcan  with  it  a  neutral 

compound.     This   oit  the   Inpothpsis  of  electrieal   ■  iiergy 

would  show,  that  it  must  he  much  more  hicMy  positive  than 

any  other  »nhflance  ;  and   therefore,  if  it  be  an  oxide,  it  itt 

not  likely  that  it  should  be  deprived  of  oxigen  by  any  simple 

chemical  attruetinnft.      The  tiict  of  its   turniin);  a  eubstancc 

approaching  to  an  ucid  in  ils  nature,  when  combined  "ItK 

&  metallic  substance,  tellunutn,  is  opposed  to   the  ideu  of 

its  being  a  gaeeoue  metal,  and  perhapsto  the  idea  that  it  m 

•imple.oT  thai  it  exists  in  its  common  Torni  in  the  amalgam 

k  ef  ammonium.     The  phenomena  pieseuted  by  sulphuretted 

hidrogen  are  of  the  name  kind,  and  lead  to  bimilar  cott- 


'  Muriacic  acid  gas,  as  I  biiv<-  shown,  and  h  is  r«il-lher' 
proved  by  the  reiieai'ches  of  Messrs,  Ghv-Lusshc  and  The- 
nard,  is  a  compound  of  a  body  unknown  in  a  Beiwrate  state, 
and  water.  The  wuler,  I  bt;lieve,  cannot  be  decom postfd, 
naless  a  new  combinutien  is  formed  :  thus  it  t&  not  changed 
by  charcoal  ij^ntted  iii  llu:  y^Mt  by  VuUaic  electricity ;  but  it 
is  decomposed  by  all  iht^  mctatii;  mid  in  these  cases  hidro- 
^en  is  elicited,  iu  a  manner  similar  to  that  in  which  one 
HielaL  is  precipitated  by  anoilier;  the  oxig^ri  being  found  in 
the  new  compound.  This  at  first  \iew  uiight  be  tiupposed 
in  favotir  of  the  idea,  that  hidro^en  is  a  simple  substance ; 
but  the  same-reiisonitip;  may  be  applii^  to  a  protoxide  as  tt> 
am'-tal;  and  in  the  cane  of  the  uitromiiriatie  acid,  when 
the  nitrous  acid  is  decomposed  to  assist  in  the  formation  6f 
H  metallic  muriate,  the  body  diseiigntred  (ititfoua  gaa)  U 
known  to  be  in  a  high  state  of  OKigeiiation. 

Thut  nitrot^et)  is  not  a  metal  iu  the  form  of  gnu,  is  almost 

demonstrated  by  the  nature  nf  the  fusible  substance  from 

ammouiu; 
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Mimonia;  and  (even  snpponng  no  reference  tn  be  made  to 
the  experiments  iletailcti  in  this  puper,]  th(^  general  analogy 
of  chemistry  would  lead  to  the  iiolion  of  its  being  com- 
poucxled. 

Should  it  be  ertabliahed  by  future  reac-arches,  ihuthidro-  Are hidtogen, 
geu  IS  a  protoxide  ot  oinmoaiuai,  iinimoniB  mleiilojudp,  njir^gg,,^ 
and  iiilro^eii  a  triloxide  of  the  snnie  metal ;  the  theory  of  "iilis  of  ibh 
chemistry  would  a'.latn  u  happy  simplicity,  und  the  existing 
arriingrments  would  hnrraoniie  with  nil  ihir  new  facts.  The 
class  of  pure  inHammable  bases  would  be  metals  capable  of 
alloying  with  each  other,  and  of  combining  with  protoxidei. 
Some  of  the  bases  wouhl  be  known  only  in  combination, 
those  of  sulphur,  phosphorus*,  and  of  the  boraclc,  fluoric, 
and  muriutic  acids;  but  the  relalionB  of  tlieir  compounds 
would  lead  to  the  suspicion  of  their  bting  melullir.  The 
salifiable  bases  might  be  considered  cither  as  protoxides, 
deuloxides,  or  tritoxides  :  and  the  general  relations  of  sali- 
fiable matter  to  acid  mutter  might  be  supposed  capable  of 
being  ascertai:ied  by  their  relations  to  oxigen,  or  by  the  pe- 
culiar state  of  their  electrical  energy. 

•  The  Btet-lriatlon  of  julphur  and  phoaphoru*  (!0«  £ir  to  praie,  tliil  Sulphur 
(heifccntameumbiitcilhiiireigen.  From  lliegiheoameniuf  the  action  of  P''°'''°' 
pDlaniLini  upon  llicm  in  my  Ant  ciperimenis  1  conceiied,  llut  lll<^>  coo-  q||,  |,^f 
taiiiM  Dxlgtii ;  though,  Si  1  liavc  itateil  In  the  ap[irn(9ix  to  the  last 
BAkeiian  Icc'.ure,  the  efFecti  may  be  eiptsinFd  on  a  different  tupposltiDn. 
Thr  riTidnns  of  Ihe  ignUion  io  the  proce^t  appeared  an  evidence  in 
favour  of  their  coiilaining  oilgFH,  till  1  ditrotated,  thai  limilar  phe. 
nomena  were  produced  b;  Ihe  combination  of  arienicand  letlurlum  with 
pManium,  In  lauie  Isle  experimentt  on  the  aotloa  of  poUBiiuTn  on 
sulphui  and  phosph(ira%  aiid  on  tul|ihufei  led  hidrn|;eo,  and  un  phoi- 
phufTtled  hidrugeii,  I  find  ihat  Ihe  phenomena  difFer  jeij  much  accord- 
ing IO  the  ciicuiattance*  of  the  eiperimeal ;  and  in  loiiie  iuirancM  I 
haieobuined  a  larger  loiufnc  af  gai  fiom  potiuium,  after  it  had  been 
exposed  to  tbeaction  of  certain  of  these  hodiei,  ihan  it  WDold  haie  givea 
■lone.  Theie  «pe:ini-'nli  are  jtitl  in  piogrw,  and  I  thall  soon  lay  an 
account  of  lb etn  bclure  the  SMiely.  The  ides  of  the  exKlenceof  nxtgen 
in  luiphurand  phoiphortii  is  howeTer  idli  supported  hj  Tariout  analo- 
Eiei.  Tlirir  being  noncsiiduLten  of  oleclricilr  is  ooe  argument  in  fatour 
of  this.  PotaMtum  and  lodium,  I  find,  when  heaied  in  hi'liogen,  niixH 
Wiih  a  mall  quantity  of  aimoipheiic  air,  Bb<o'b  both  OKlguniuid  hidra- 
g«n,ind  became  nanconducling  uiftamniable  boiliss  analogous  ui  resinous 

Th* 
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The  whole  tenour  of  the  antiphlogistic  doctrines  necessa-^ 
rily  points  to  such  an  order;  hut' in  considering  the  facts 
under  other  points  of  view,  solutions  may  he  found,  which, 
>f  not  80  simple,  account  for  the  phenomena  with  at  least 
equal  facility^ 
^Ma^itie  hj-  If  hidrogen,  according  to  an  hypothesis  to  which  I  have 
*'*^*"*'  often  referred,  be  considered  as  the  principle  which   gives 

inflammability,  and  as  the  cause  of  metallization,  then  our 
list  of  simple  substances  will  include  oxigen,  hidrogen,  and 
unknown  bases  only;  metals  and  infiamniable  solids  will  be 
compounds  of  these  bases  with  hidrogen ;  the  earths,  the 
fixed  alkalis,  metallic  oxides,  and  the  common  acids,  will 
be  compounds  of  the  same  bases,  with  water* 
iigincnte  in  The  strongest  arguments  in  favour  of  this  nation,  in  addi* 
vrourof  <bis.  ^j^q  ^q  those  I  have  before  stated,  whi«.'h  at  present  occur 
to  me,  are.  First,  The  properties  which  ?eeui  to  be  inherent 
in  certain  bodies,  and  which  are  either  de\*e1oped  or  con- 
cealed, according  to  the  nature  of  their  cotnbinations.  Thus 
sulphur,  when  it  is  dissolved  in  water  either  in  combination 
with  hidrogen  or  oxigen,  uniformly  naanifests  acid  proper- 
ties; and  the  same  quantity  of  sulphur,  whether  in  com* 
bination  with  hidrogen,  whether  in  ha  simple  form,  or  in 
combination  with  one  proportion  of  oxigen,  or  a  double 
proportion,  from  my  experiments,  seems  to  combine  with 
the  same  quantity  of  alkali.  Tellurium,  whetlier  in  the 
state  of  oxide  or  of  hid ru ret,  seems  to  have  the  same 
tendency  of  combination  with  alkali ;  and  the  alkaline 
metals,  ami  the  acidlfiable  bases,  act  with  the  greatest 
energy  on  each  other- 
d.  Second*     The  facility  with  which  metallic  substances  nre 

revived,  in  cases  in  which  hidrogen  is  f^resent.  1  placed 
two  platina  wires,  positively  and  negatively  electrified  from 
500  double  plates  of  6  inches,  in  fused  litharge ;  there  wan 
*an  effervescence  at  the  positive  side,  and  a  black  matter 
i^eparated  a:  the  negative  side,  but  no  lead  was  produced; 
though  when  litharpe  moistened  with  water  was  emf)loyed, 
or  a  solution  6i  lead,-  the  metal  rapidly  formed.  The  dif- 
ference of  conducting  power  may  be  supposed  to  produce 
«ome  difference  of  effect,  yet  the  expei invent  is  favourable 
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to  (h«  idea,  that  the  jiresence  of  bidrogen  is  cssentisl  to  the 
pruduttlon  of  Ihe  metal. 

Third.  Oxigeii  and  hidrogen  are  bodies,  that  in  all  5i. 
cases  seein  to  neutralize  eafh  oiher;  and  therefore,  in  the 
produuls  of  combustion,  it  might  be  expecled,  that  the 
tintural  energies  of  the  bases  nouM  he  most  distinctly  dis- 
played, vrhii-h  is  the  caee;  and  in  oximuriaiic  acid,  th« 
acid  enerpry  seems  (u  be  blunted  by  ostigeu,  and  is  restored 
by  the  adiliiioii  of  hidrogen. 

Ill  the  iH.'tiaii  of  jiotaBsium  and  sodium  opon  ammonia,  A^nKut^ 
though  tl>e  quantity  of  hidrogen  evolved  in  my  experimeoti  *&"°' 
is  nut  exactly  the  Hnm<',  U!i  tiiat  produced  by  tbeir  action 
upon  waler;  yet  it  is  probable,  that  this  is  caused  by  the 
imperfection  of  the  process":  and  lupposing  potassium  and 
sodium  to  prodnce  the  same  quantity  of  hldro^en  from  am- 
monia, and  iwiter,  the  cireumstance  at  first  view  may  be  con- 
ceived fhvounl1>ii;  it>  the  notion,  that  they  contain  hidrogen, 
which,  under  cwumiou  circuaistunces  of  combination,  will 
be  repellMit  to  matter  of  the  same  kind  ;  but  this  is  a  super- 
ficial consideration  af  the  tnibject,  and  the  conclusion  can- 
not be  admitted  ;  for,  on  the  idea  that  in  compoaind«  con- 
tainiu^  gaseous  matter,  and  perbaps  compounds  in  general, 
the  elements  are  combined  in  uniform  proportions;  then, 
whenever  bodies  known  to  contain  hidrogen  are  decomposed 
by  a  metal,  the  Quantities  of  hidrogen  ought  to  be  the 
same,  ur  uiullipl><a  of  each  other.  Thus  in  the  decompo- 
sition of  ammonia  by  potaoMum  and  sodium,  two  of  hidro- 
gen and  one  of  nitrogen  remain  in  combination,  and  one  of 
ltidro[;eii  is  given  oft';  and  in  the  action  of  water  on  potaa- 
aium  to  form  potaah,  the  name  quantity  of  hidrogen  ought 

•  Tberewentslo  l>r  alwafs  the  ««iBepro|>orti"u  between  iheqitHO- 
tily  uf  amiavniti  abivli  diaapiieats,  uml  the  qintatitf  of  hidrogen 
cvalvcil;  i.  c.  whenertr  tlie  mctoli  uf  tbe  ■Uinlin  set  upon  aiamania, 
(■a|i|Ki«a;  IbU  Iwil}  tu  be  CDinpuied  uf  ;<  hiJrugen,  and  i  ornitrugrn, 
iD  roluiDC,  floTbidru^En  su<J  I  uf  mtrogen  remiia  in  combinaliun, 
and  I  uf  hidragen  l>  nrl  frcr.  And  it  may  be  addaccd  aa  a  strong  ar- 
gumeiil  ia  faruar  uf  tli<^  Ibevrj  of  definite  pniporliaUB,  tbat  the 
quantity  of  ibe  nielal*  of  Ibe  alkalis  and  nitrogea,  in  the  fusible  re- 
■ults  ■<«  la  the  same  prupifrtioos  as  those  in  nbicb  they  eust  in  tbt 
•iltaliuc  nitratea. 
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to  be  exptlUd.  From  my  aiialyBia*  of  sii'iihurelted  hydro- 
gen it  wniiM  Appear,  tlint,  if  potHuiuin  in  fDruiing  b  coin- 
Innation  wiih  this  eubittunci::  »etit  free  liirlro^n,  it  will  be 
nearly  the  ^ame  quu-.itily,  us  it  would  <:aiise  to  be  evolved 
from  water.  Ar.d  >t'  the  analysis  of  iMr.  Proust  and  Mr. 
Hatchett  of  tlit;  solphniet  of  iron  be  mude  »  biieis  of  rnlcu- 
WtioD,  iron,  ia  attructrng;  sulphur  from  tiulphurelled  hidrc^ 
geo,  will  liberate  tbesamc  proportion  of  hidrogeiiuBduring 
its  solution  in, diluted  sulpliutii:  ucid  ;  and  taking  Mr. 
Dulton's  law  of  proportion,  the  cast;  will  be  itiniilar  with 
respect  to  other  metals:  and  if  such  reaaoiiiii^  Mere  to  be 
adopti'd,  as  that  metals  are  provi^d  to  he  compounds  of 
hidrogen,  becfluse  in  acting  upon  diH'ereut  combinations 
"'ontaining  hidrogen  they  produce  the  evolntion  of  efjuHl 
proportions  of  tliis  gus,  liien  it  might  be  proved,  that  almost 
any  kind  of  matter  is  coulaiaed  in  any  other.     The  same 

CompKilifin  *  The  composition  msy  be  iIfiIdci'J   frani  the  rKjwrinientii  in  tb« 

"'  >ulpli"'«'     |«Bt  Bakeriaa  leclurl,  which  tlinw,  tiial  il  coDtaina  a  volumi- ofhidro- 
11  rojen.    ^^^  ^^^  ^^  ^^  ^^^      j^  j^^  speeifif  grsriiy  be  Uken  as  ;is  gniat, 
K  tor  too  cobical  intheii,  then  it  will  cranitt  of  a'97  of  hidTOgcn,  and 

30  73  of  sulphur.  When  suljihuretlrd  hidrugfn  in  dccumiHHCil  by 
commuD  ekctricity,  in  rerj  rcfiucd  cKprrimcnli,  tliere  ia  a  iliglit 
dioiinulion  of  toIuihe,  sod  the  preclpilati-d  lalphur  has  a  irhilish 
tint,  >ud  ptububly  coaUiiK  a  minule  quaoliry  uf  hiilru^ii.  WLm  it 
U  dnonipOM-d  by  Vollair:  rparki,  ihe  Bulphur  ii  prpriiiitiilcd  in  ilg 
cotnajon  tvrm,  and  thirc  is  no  change  uf  vulame;  in  the  lital  case  Ihe 
(olphiir  is  probably  iguitedsl  ibe  momi'nt  of  its  producliun.  tn  sume 
experiinenl*  lately  made  in  the  labonilory  of  the  Royal  [natilution,  ua 
.pineni  Orel  ted  aiid  phuaphuretted  hidrogen,  it  was  fuund,  Ibal,  when 
these  gainc*  wiTc  decomposed  by  elcclricity,  tb<.rG  was  nu  change  in 
their  vulumcii  but  neither  the  anenic  nor  the  plio>pl>DruB  eeemed  !□ 
he  thrown  doirn  in  their  comoiun  states;  the  phoitphriruii  was  darR 
coloured,  and  Ihe  arsenic  appeared  as  a  brown  powder:  bolb  were 
probably  hydrurels.  This  in  coufirmed  likewiie  by  the  action  of  pot- 
naaium  upon  arseninretttd  and  phosphurctled  hldrogcn :  when  Ihe 
metal  is  ID  Btnnller  qnnntily  than  is  sulKcienl  to  decompose  the  whole 
of  the  gai«i^,  iheie  h  slwuys  on  expansion  of  volume;  bo  that 
arseoiuretlcd  and  phncphnrrlled  hidrogen  contain  in  equal  Tolumrs 
more  hidrogen  than  lulphuretled  bidragen,  probably  half  as  mach 
tDOte^  or  ts'iee  a^  mneh  more.  From  some  mperinii'Qts  made  on  the 
wei|;hti  of  phospbnretleil  and  arseninretled  hidpugen,  it  would  appear, 
(bat  lOU  cubic  inches  uf  Ihe  first  weigh  abont  in  grains,  it  ihe  mean 
temprraliiii'  nod  prPFMirt.  and  luo  ufthc  second  about  IS  grains. 

tjuftutity 
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•[iianiity  of  polHsh,  in  acting  upon  either  muriate,  sulphate,  ■ 
or  iiitrale  of  ma^eatH,  irill  pre<:ipitate  fqual  qusutitieH  of 
niii^ni'Mu;  but  it  would  be  sbsurd  to  infi^r  from  this,  that 
fiolKah  contained  magnesia,  as  one  of  its  elements;  the 
power  of  TepelUng  one  kind  of  matter,  and  of  attracting 
-.mother  kind,  must  be  equally  definite,  ai)d  governed  by 
llie  same  ui  re um stances. 

PotHsaiuni,  Hodiuin,  iron,  mercury,  anil  all  metals,  that 
I  have  experimented  upon,  in  acting  upon  muhaiic  aeiA 
gas  ev«ive  the  same  (juMitJty  of  hiilrogen,  and  all  form  dry 
tn  u  riHtes  :  so  that  any  theory  of  meiallication,  applicable  ta 
potash  and  soda,  ninst  likewise  apply  to  the  comnioo 
metallic  o<iiile^.  If  we  assuiue  tlie  existence  of  water  in  the 
jiota^h  formed  in  muriatic  acid  gas,  we  must  likewise  infer 
■Is  exirtenee  in  the  oxides  of  itou  aud  mercury,  produced 
in  similar  operations. 

The  sulutiiHi   of  the  general    question   concerning  the  The  i 
presence  of  liiJrogeninall  inflummalite  bodies ni!l  uudouht-  ''l*  ' 
ediy  be  ioAuenced  by  the  deeibion  upon  the  nature  of  the  im[iu 
amitlgum    from   ammonia,  und  a  matter  of  so   much    iui-*^""' 
porlaiice  oiighl  not  to  he  liastily  decided  upon.     The  diffi-  ''"'^ 
euUy  of  fiading  any  multiple  of  the  quantity  of  oxigen, 
wliieh  may  be  l<uppo^<ed  to  exist  in  hidrogeo,  that  might  U; 
applied  to  eKplttin  the   contposition  of  nitrogen  from  the 
Mtme  basis,  is  undoubtedly  against  the  siniplest  view  of  the 
buhject.     But  still    the  phlogistic  explanation,   that  the 
tnetul  of  ammonia  is   merety  a  compound  of  hidrogeu  and 
iiitrogen ;  or  that  a  substance  which  is  metallic  cau  be  com- 
posed  from   substances   not  ia   their  own  nature  metallic. 
i>  equally •oppobed  to  the  general  tenour  of  our  ehemlcaj 


of  the  Society,  by 
is;  hypothesis  can 
Ecept  as  leading  I« 
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1  shall  no:  at  present  oecupy  the  t 
entering  any  fHtther  into  these  discu 
scarcely  he  considered  as  of  any  vului 
uew  experiments;  and  the  objects  in 
troehemical  research  have  not  been  sn 
enable  us  to  decide  upon  their  natui 
or  to  form  any  general  theory 
Jikely  to  be  permanent. 
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The  Croonian  Leelure.     0«  the  Fuiirlioos  of  the  Heart  i 
Arleriet.    Bg  Tbomas  Voono,  M.  D.  for.  See.  R.  S. 

{Coneladed/rom  p.  63. ^ 

FaiKtUiucf    -A-  Slmll  proceed  to  inquire,  in  the  third  place,  into  th<- 

AemuscuUt    ture  and  extent  of  the  faiictions,  wliich  are  to  be  attributed  * 

the  muicular  fibres  of  the  coats  of  the  arteries ;  and  I 

apprehend,  that  it  will  upptar  to  be  demonstritble,  thut 

thty  are  much  less  conrerncd  in  the  proi^ressive  inolion  of 

the  blood,  than  is  almost  universally  believed.     The  argu« 

which  maj'  he  employed  to  prove   thi^,  are  nearly  I 
e  that   t  huve  already  stuti-d,  in  examining  the  ro<m 
tion  of  a  fluid,  ciirried  along  before  a   moving   body   in  an 
open  canal;  but  in  the  case  of  an  elastic  tube,  the  velocity 
of  the  transmJBsion  of  an  impuUc  being  rather  dimiriibhed 
than  increased  by  au  increase  of  tension,  the  reosoning  is 
etill  stronger  and  simpler ;  for  it  may  here  be  safely  assert*  ■ 
t^d,  that  the  anterior  parts  of  the  dilatation,  whii'h  must  bdfl 
forced  along  by  any  progressive  contraction  of  the  tubg^M 
cnn  oi)ly  advance  with  thi;  velocity  appropriate   to  the  tubej| 
and   that   its  capacity  must  be  proportionate  to  its  lengtafl 
and  to  the  area  of  its  section;  now  the  maj^nitudeof  itjl 
section  must  be  limited  by  that  dei^ree  of  tension,  which  ijfl 
sufficipiit  to  force  back  through  the  contraction  what  reM 
mains  of  the  displaced  fluid  ;  and  the  length,  by  the  difler^ 
ence  of  th«  velocity  appropriate  lo  the  lube,  aucf  that  with 
which  the  contraction  advances :  conBC<|tieDtly,  if  the  con- 
traction advance  with  the  velocity   of  a  pulsation,  as  uny 
contractile  action  of  the  arteries  muet  be  supposed  to  do, 
this  length  necessarily  vanishes,  and  with  it  the  quantity  of! 
the  fluid  protruded  ;  the  whole  being  forced  backwards,  by  ^ 
the  distending  force  which  is  exerted  by  a  very  small  di- 
lated portion  immediately  preceding  the  contraction.      It 
might  indeed  be  imagined,  that  the  contraction  follows  (he 
puluiiiM    pulsation  with  a  velocity  somewhat  smaller  than  its  own  ; 
but  this  opinion  would  Hand  on  do  other  foundation  than 
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^Lmere  conjecture,  end  it  would  rollow,  that  tlie  pulse  would 
^K always  become  more  and  more  full,  as  it  became  more  di»- 
^Htunt  fram  th«  heart;  or  which  we  have  iiolhini^  like  «vi. 
^^HCDce  ;  oor  tvould  a  moderate  contraction,  even  if  this  eap^ 
^^^osition  were  gracilcd^  produce  any  raaterial  effect.     For 
I       example,  if  tlie  velociiy  of  the  contraction  were  only  half 
u  great  as  that  of  llie  pulsation,  which  is  the  mnat  favour- 
able proportion,  it  would  be  necessary,  takiug  aixleen  feet 
Lib  a  second  for  the  velocity  of  tile  puliation,  that  the  kc^ 
of  ihe  RTlerieft  should  be  contracted  to  about  one  half, 
a  otder  to  prodm^,  by  their  progressive  contraction  only, 
the  actual  velocity  of  the  blood  in  the  aortii;,ai]cnxteetith 
of  the  bluod  licing  rairied,  in  this  case,  before  tlie  contrac- 
tion; but  if  till'  contraction  were  only  such,  as  to  ri^duce 
tlhe  aeCtlBti  of  Ihe  artery  to  tV  which  i»  probably  more  than 
levcr  actually  hapxeiis,  the  velocity  produced  would  be  only 
•boat  ^V  a*  niucii :  .'^iid  if  the  Qoniractiou  were  only  to  -^^t 
which  is  a  sulticient  ullo^vance  for  the  smaller  arteries, about 
■TTiiaj  only  of  the  actual  velocity  in  the  aorta  could  be  pro* 
duced  in  thJi  manner,  even  upon  a  supposition  much  more 
favourable  to  the  muscular  action  of  the  arteries  than  the 
actual  circunistancee.     A  small  addition  must  be  made  to 
the  force  required  for  prodiiciug  the  retrogade  motion,  c^ 
^^  Bccouiit  of  the  IVictinu  to  be  overcome,  but  the  general  rea- 
^K^ning  is  not  aHected  by  this  correction. 

^K     The  contraction  of  the  artery  might  also  be  supposed  to  or  tb»t  tii*^ 

^^nvBidn  after  each  pulsation,  eu  that  th«  vessel  should  not '^°"""'i||" '^ 

be  again  dilated  until  the  next  pulsation,  or,  in  other  words,  each  pulMii«n. 

a  spootaneouB  dilatation  might  be  supposed  to  accompany 

lulsaiioo,  in&tead  of  a  contraction :  but  auch  a  dilata- 

Llion  would  be  useleiiS  in   promoting  th<;  progres»ive  motion 

l«f  the  blood,  since  a  larger  quantity  of  blood,  conveyed  to 

Kthe  smaller  vessels,  without  an  iucreued  tension,  would  be 

E  inefTectual  with  respect  to  the  resistances  which  are  to  be 

L  overcome.     It  is  possible  iudeed,  thut  the  muscular  fibres 

Lof  those  arteries  in  which  the  magnitude  of  the  pul»e  is 

lensible,  like  the  fibres  of  the  heart,  ntay  be  inactive,  or 

Unearly  so,  during  their  dilatation  ;  and  that  they  may  con- 

ict,  after  they  have  been  once  distended,  with  a  force 

^bi<^  i>  in  n  certain  degree  permanent;  the  greater  mo- 
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mentnm  (tf  the  blood,  which  sccompBnies  thedllt 
abtinf;  it  to  Filter  the  minute  arteries  with  eqnal  eaw,  a1- 
thongh  acsisted  by  a  tension  aomtrwliat  smaller :  so  that  the 
n  velocity  may  be  siiBtniiied,  as  if  the  aneries  were 
simply  elastic,  and  a  Httle  smaller  in  diameter,  *iih  a  very 
But  theiiixtf-  little  )eM  exertion  of  the  heart.     But  the  distribution  of  the 
butioii  "I  ^^   blood  could  newer  be  materially  diversified  by  any  operation 
refiilit  oBfcctei!  of  this  ttind :  for  if  any  artery  were  for  a  monieiii  distended 
inUiiiwaj,      by  g„(.},  BTsriation,  bo  as  to  exceed  its  natural  diameler  by 
one  hundredth  part  only,  a  pressure  would  thence  arise 
eqnivnleDt  te  that  of  a  column  about  two  inches  high,  which 
vaald,  inipileof  all  resistances,  immediately  dis-^ipate  th«;H 
Ssihatthetc   blood  with  a  considerable  velocity,  and  completely  preveatiT 
caiib*nolocil^ji     local  accumulation,  unless  the  elastic  powers  of  thtM 
lioD.  i/  Thi       T«ssel  itself  were  dimiuiahed  ;  and  this  i*,  perhapi,  the  mot 
•'"«'J''y  "^i'''  important,  ■«  well  as  the  best  established  inference  from  thi 
diminuhMl.      doctrine  that  1  have  odraoced.  ^ 

CVcaluion  in  It  appears,  that  a  mola  has  sometimes  been  found  ii 
t  h^"'""""  "*"•»•  totolly  destitute  of  a  heart,  in  which  the  blood 
have  circulated  in  its  usual  course  through  the  veia 
arteriea :  in  this  case  it  cannot  hf  ascertained,  whether  there 
was  any  alternate  pulsation,  or  whether  the  blood  was  carried 
«a  in  a  nniform  current,  in  the  same  manner  as  the  sap  of 
a  vegetable  probably  citculales.  If  there  was  a  pulsQtion, 
it  may  have  betn  rosintained  by  a  contraction  of  the  artery, 
much  more  considerable,  and  slower  in  its  progress  than 
ucual ;  and  with  the  assistance  of  a  spontaneous  dilutalion  ; 
the  resistance  in  the  eittrcme  vessels  being  also  prob;iblf  < 
much  smaller  than  usual :  if  the  motion  was  conliaued,  it 
would  lead  US  to  imagine,  that  there  may  be  some  structura 
in  the  placenta  capable  of  assisting  in  the  propulsion  of  thi 
blood,  as  there  may  possibly  be  some  arrangement  in  thi 
roota  of  plants,  by  which  ihey  are  calculated  to  promofa 
and  is  iium»U  *^  aaceiit  of  the  sap.  The  circulation  iu  the  vessels  of  the 
more  imperfect  animals,  in  which  a  great  artery  nuppliea 
the  place  ot  a  heart,  is  of  a  very  diSerent  nature  from  that- 
«f  the  more  perfect  animals :  the  great  artery,  which  pep«j 
forme  the  office  of  the  heait,  i«  here  possessed  of  a  muscukr^ 
power  commensurate  to  its  functions,  and  seems  to  propci 
the  blood,  though  much  more  slotvty  than  in  other  cases,  bf 
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f  animals  a  ^J!,^ 


if  a  trueperifitiiltic  XDQticm.  ,,  _.         . 

the  obstrTOtionB  of  Spullaozaui,  that  in  many  animaU  a  moiiM,  " 
portioa  of  the  aorta,  next  the  heart,  it  capable  of  exhibit-  In  manj  »ni- 
tog  •  continued  pulsation,  even  when  pert'ectly  emply  and  TrntJ^t^b! 
•eftamted  from  the  heart;  but  this  property  is  limited  to  a ot {.ujuuoa. 
small  part  at  the  artery  only,  which  is  ohviousiy  capable  of 
bdiift  esneDtially  useful  ii)  propelling  the  blood,  when  the 
valvM  of  the  aorUi  arc  closed.     The  moscular  power  of  the  Muculirpow- 
terminatioii  of  the  »ena  cava  is  also  capable  of  assistiog  ihe^"'^''"*''^"' 
passage  of  the  blood  into  .he  auricle.     It  is  not  at  all  im- 
probable, that  a  mUBcle  of  involuntary  motioD,   nbicb    had 
been  affected  throughout  the  whole  period  of  life  by  alter- 
nate contractions  and  reluxations,  might  retain  from  habit 
the  tendency  to  such  contractioni,  even  without  the  neces- 
Mty  of  supposing,  that  the  habit  was  originally  formed  for 
B  purpose  to  be  ubluined  by  the  immediaie  exertion  of  the 
tauscular  power:   but  in   f^ct  the   partial    pulsation  of  the  Ute  of  ib px- 
rena  cava  is  perfectly  well   calculated  to  promote  the  tem- '»' P"'*"'™'- 
pomry  repletion  of  the  auricle,  while  it  must  retard,  for  a 
moment,  the  column  which  is  approaching,  at  a  time  that  it 
couSd  not  be  received. 

There  is  no  difliculty  in  imaginingwhataerviceNthemus-  Snvke!  to 
CoUr  coats  of  ihe  arteries  may  be  capable  of  performin);,  *'"'^V'''^-u, 
trithout  atL'ibuting  to  them  any  immediate  concern  in  sup-  of  the  innits, 
porting  the  circulation.     For  since  the  cfuantity  of  blood  in  '"^  ™ci™« 
the  B}-«tem  is  on  many  accounts  perpetually  varjinjj,  there 
must  be  some  means  of  accommodating  the  blood  vessels  to 
tjieir  conteuts.      This  circumstance   was   very  evident   in 
tome  of  Hales'a  experiments,  irhen,  after  a  certain  quan- 
tity of  blood  had  been  taken  uway,  the  height  of  the  co- 
lunin,  which  measured  the  tension  of  the  vessels,  frequently 
nuied  in  an  irregular  manuer,  before  it  became  stationary 
at  a  height  proportional  to  the  remuining  permanent  ten- 
•ion.     Haller  also  relate*,  that  he  hai  frequently  leen  th« 
arteries  completely  empty,  although  in  some  of  Iiia  obser- 
there  was  probably  only  a  want  of  red  globules  in 
blood  which  was  flowing  through  them.     Such  altera 
in  the  capacity  of  the  difierent  parts  of  the  body  are 
klways  to  be  attributed  to  the  exertion  of  a  muscur 
«r.     A  (Mftial  contnctioo  of  the  coats  of  the  snaller 
I  s  artetiea 
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arteries  may  also  have  an  immediute  effect  on  the  qu&iititj 
of  biood  contained  in  any  purl,  although  very  little  variatioi 
could  be  produced  in  this  manner  by  a  change  of  the  cupW 
city  of  the  larger  vessels. 
Theitatc  of         According  to  thi»  statement  of  the  powers  whith  are 
'     *    cerned  in  the  circulation,  it  roust  be  obvious,  that  thi 
n  tiie   tare  of  the  pulse,  as  perceptible  to  the  touch,  must  depend 
actionofilio     almost  entirely  on  the  action  of  ihe  heart,  since  the  state 

of  the  arteries  can  produre  veVy  little  alteration  in  . 
Mo4iliciiuint   lities.     The  greater  or  less  tension  of  the  arterial 
"f  '"  ^l  I''^     ™*y  ifldeed  recider  the  artery  itself,  when  at  rest,  somenbat 
xtry,  harder  or  aofter ;  and,  if  the  longitudiual  fibres  give  way  t4 

the  di^tendiiig  force,  it  may  become  also  tortuous:  possibly 
too  a  very  delicate  touch  may  in  some  cnses  perceive  a  SU 
fereoce  in  the  degree  of  dilatation,  alihout;h  it  is  seldi 
practicuble  to  distinguish  the  artery,  in  its  quiescent  stutet 
trom  the  surrounding  parts.  But  the  sensation,  nbi 
perceived  when 'the  arlerj-  is  compressed,  a*  usual,  by  the 
finger,  is  by  uo  menns  to  be  confounded  with  fl>e  dilatation 
of  the  artery ;  for  in  this  case  an  obstacle  is  opposed  to 
motion  of  the  blood,  against  nhich  it  strikes,  with  the 
inentnm  of  a  considerable  colamn,  almost  in  the  same  c 
tier  as  a.  stream  9f  water  strikes  on  the  valve  of  the  hydraulll 
ram  ;  and  in  thi*  manner,  neglecting  the  difference  of  fore* 
arising  fioin  the  different  magnitudes  of  the  sections,  th^ 
pressure  felt  by  the  finger  becomes  nearly  equal  ant.  simi- 
Ur  to  that  which  is  originally  exerted  by  the  heart :  each 
pulsation  pasting  under  the  finger,  iu  the  same  ti 
required  for  the  contraction  of  the  heart,  although  a  very 
little  later ;  and  more  or  less  so,  in  proportion  as  the  artery 
is  more  or  less  distant;  the  artery  remainint;  then  at  rest 
ibra  time  equal  to  that  in  which  the  hi^art  ia  ut  rest.  Wheo 
therefore  an  artery  appears  to  throb,  or  to  beat  more 
(troDgly  than  u^ual,  the  circumstance  is  only  to 
plained  from  its  greater  dilatation,  whicli  allows  it  to  re- 
ceive  a  greater  portion  of  the  action  of  the  heart, 
same  manner  as  on  aneurism  exhibits  a  very  strong  pulsa- 
tion, .rithoul  any  increase  of  energy,  either  in  itself,  or  in 
the  iieiglibouring  vessels;  and  on  the  other  hand,  when  the 
pulutions  of  the  artery  of  a  paralytic  arm  become  feeble. 
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innot  heutate  to  attribute  the  change  lo  its  permaneal 

kintrurtion,  iliice  the  enlargement  and  eontraction  of  tlie 

ilood  ves»(.'lB  of  a  li rob  are  well  known   to  etteiiJ  tlie  in- 

ToiK  or  diimuution  of  its  niu»;u1ur  exertions.     There  is 

o  another  way,  in  which  the  diininulioa  uf  the  strength 

if  an  artery  may  increase  the  ap|iarent  magnitude  of  the 

,  that  19,  by  diminishing  the   velocity  with  whit:h  tlie 

iul«ation  is  transmitted  ;  for  we  have  seen,  lliat  the  mngni- 

of  the  pnlse  is  in  the  inverse  ratio  of  the  length  of  the 

7  diBteiiiJcd  at  ouce ;  and  tliis  length  is  propottional  to 

velocity  of  the  transmission:  but  it  must  be  observed, 

but  the  force  of  the  puUe  Ktrikmg  the  tiiiger  mould  not  he 

liTected  by  such  a  chaiige,  except  that  it  might  be  rendered 

omewhat  fuller  aad  softer,  althoui^h  u  considerable   throb- 

ig  might  be  felt  in  tlie  part,  fruin  (he  increased  disten- 

n  of  the  temporary  diameter  of  the  urtury.     How  little  a  Unicubi 

iicular  force  is  necessary  for  tlw  simple  transmission  ot'  aforecnot  • 

fiulsatiou  may  easily  be  slionn,  by  placing  a  finger  ^  tl>^  niimiutta 

saphena,  and  striking  it  with  theotlier  haiid  it  ii  dis- 
«Dt  pan  1  a  seusatiot)  will  then  he  felt  precisely  like  that  of 
■  weak  arterial  pulsation. 

The  devititioDs  from  the  naturul  stale  of  the  circulation,  DfrUiiom 
which  ariT  now  to  be  cursorily  Investigated,  may  be  either 
'sl  or  partial ;  ^nd  the  general  deviations  may  consist 
inther  in  a  change  of  the  motion  of  the  heart,  or  of  the  ca- 
pacity of  the  capillary  arteries.     When  the  motion  of  ihe  wheinher 
lenrt  is  Btl'euted,  the  quantity  of  blood   trananiitted   by   jt *'""''''''* 
n»y  either  remain  the  siime  as  in  perfect  health,  or  he  di-^d, 
ainislutd,  or  increased.     Supposing  it  to  remain  the  lame, 
the  pnlsc,  if  more  frequent,  roust  be  weaker,  and  if  slower, 
t  roust  be  stronger;  hut  this  latter  combination  is  scarcely 
r«er  obsprviihle ;  und  in  the  former  case,  the  heart  must  ei- 
ther never  be  tilled,  perhiips  on  account  of  loo  great  irrita- 
ilily,  or  never  be  emptied,  from  the  weakuess  of  its  mui- 
rubir  power*.     But  the  immediate  eflert  of  such  a  change 
lis,  in  the  functions  depending  on  the  circulation,  can- 
hot  lie  very  material,  and  it  can  only  he  cunsidered  as  an 
Indii-ation  of  a  derangement  in  the  nervous  a-id  muHcnIar 
■yxlein,  which  is  not  likely  to  lead  lo  any  disease  oflhe  vital 
ruticlions.     When  the  'luantity  ofblood  ininsmittcd  by  tlie 
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heart  is  ■  mailer  than  in  health,  the  arteries  mnst  be  con* 
tracted)  until  their  tension  becomes  only  adequate  to  propel 
the  blood,  through  the  capillary  veMehi  with  a  pruportion- 
ally  emaller  relocity,  and  the  veiiii  must  of  course  become 
disteaded,  unless  the  muacular  coats  of  the  arterias  can  be 
sufficiently  relaxed  to  aiford  a  diminished  tension,  which  is 
probably  possible  in  ■  very  limited  degree  only.  In  this 
itate  the  pulse  must  be  smuU  and  weali,  and  the  arteries 
being  partly  exhausted,  there  will  ptohably  be  a  paleness 
^nd  chilliness  of  the  extremities:  until  the  blood,  which  is 
accumulated  in  the  veins,  has  snflicienl  power  to  urge  the 
heart  to  a  greater  action,  and  perhaps,  from  the  vigour 
vhich  it  miiy  have  acquired  dnring  the  remission  of  its  ex- 
ertioDii,  even  to  a  morbid  excess  of  acliTity*  Hence  a  coa> 
trsry  state  may  arise,  in  which  the  quantity  of  blood  trans- 
mitted by  the  heart  is  greater  than  in  perfect  health  :  the 
pnlse  will  then  be  full  sod  strong,  the  arteries  being  dis* 
tended,  so  ss  to  be  capable  of  exerting  a  pressure  sufficient 
to  maintain  an  increaead  velocity,  and  to  overcome  the  con« 

tJatltt«f(ner,  sequent  increase  of  resifiunce;  a  state  which  perhaps  con- 
stitutes the  hot  fit  of  fever ;  and  which  ia  probably  Bome> 
tiroes  removed  in  consequence  of  a  relaxation  of  the  extreme 
arteries,  which  suffer  the  superfluous  blood  (o  pass  more 
eaMly  into  the  veins.  Such  a  relaxation',  when  carried  to  a 
morbid  extent,  may  also  be  a  principal  cause  of  another 
general  derangement  of  the  circulation,  the  motion  of  the 
blood  being  accelerated,  and  the  arieries  emptied,  so  that 
'  the  pulse  may  be  small  and  weuk,  while  the  veins  are  over« 
charged,  and  the  heart  exhausted  by  violent  and  fruitless 
efforts  to  restore  the  equilibrium  ;  and  this  state  appears  ta 

Trpkni.  resemble,  in  many  respects,  the  afiections  observed  in  ty- 

phus. When,  on  the  contrary,  the  capillary  vessels  are 
contracted,  the  arteries  arc  again  distended,  although  with- 
out the  excess  of  heat  which  most  attend  their  distepsiou 
from  an  Increased  action  of  the  heart,  and  possibly  without 

EfF«ctofcoM.  fever:  an  instance  of  this  appears  to  be  exhibited  in  the 
shrinking  of  the  vkin,  which  ia  frequently  observable  from 
the  effect  of  Cold,   and  in  the  first  impression  produced  by 

Cotd  SiofA.   ■  cold  bath:  nor  is  it  impossible,    that  such   a  cootractioa 

""'•  may  exist  in  the  cold  fit  of  au  intermittent,  although  it  seems 

more 
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more  probable,  that  a  debility  of  the  heart  is  th«  primary 
cnu<>e  of  ihis  affettioti. 

Beside  tbese  gi;ii«riil  causes  of  denngement,  which  ap-  Laa]  biWrn- 
pear  to  be  more  or  less  concerned  ia  diiferent  kinds  of  fever,  °'*"™'- 
there  are  other  more  partial  oaes,  which  seeta  to  ha*e  a  it-  , 

tailar  relation  to  local  inflammations.    Tlie  most  obvious  of 
these  chauges  are  such  as  must  be  produced  by  partial  dila-  Partial  affec- 
tation!) or  contractions  of  the  capillary  vessels;  since,  as  1  ti^'of'hcc*- 

1  ,  ,1  r  J  plllny  teiHli, 

have  endeavoured  to  demonstrate,  any  supposed  dfrnoge- 

meat  in  the  actions  of  the  larger  vessels  must  be  excluded 

from  the  number  of  causes  which  can  materially  affect  the 

circulation.     It  cannot  be  denied,  that  a  diminution  of  the 

elastic,  or  even  of  the  muscular  force  of  the  small  arteries, 

must  be  immediately  followed  by  such  a  distension,  as  will 

produce  a  resistance  equal  to  the  pressure :  the  distenaioa 

will  occasion  an  increai>e  of  redness,  and  in  roost  cas«s  puin :  inftimmtiion. 

the  heat  will  also  generally  be  increased,  on  account  of  thi; 

iucreased  quantity  of  bloud,  which  will  be  allowed  to  pass 

through  llie  part ;  and  since  the  hydrostatic  pressurti  of  ihv 

blood  acquires  grtrater  force,  as  the  artery  becomes  more 

diuended,  it  may  be  so  weak  as  lo  continue  to  give  way, 

like  a  ligament  which  has  been  strained,  until  supported  by 

the  surrounding  parts.  In  this  state  a  larger  supply  of  hlood. 

will  be  ready  for  any  purposes  ivhicb  require  it,  whether  an 

injary  is  to  be  repaired,  or  a  new  substance  formed;  and  it  perhapt  o» 

is  not  impossible,  that  this  change  in  the  state  of  the  minute  r'<>P<"'i«<  of 

,  .  ,  ,  ,  .     ,,  ihoblocMJ  olb- 

retsels  may  ultimately  produce  some  change  in  the  proper- Biaie);iit«nd. 
tie*  of  the  blootl  itself. 

The  more  the  capillary  arieries  are  dehflitated  and  dis- 
tended, the  greater  will  tif  the  mean  velocity  of  the  circu- 
laliOD  ;  but  whether  or  no  the  v<?locity  will  he  increased  in 
the  vessel*  which  are  thu^  distended,  must  depend  on  the 
extent  of  the  aflected  part;  and  it  may  frequently  happen, 
tb:tt  the  velocity  may  be  much  more  diminished  on  account 
uf  tite  dilat'itioii  of  the  ajiace  which  the  blood  is  to  occupy, 
than  increased   by  the  diminution  of  the  resistance.     And 
oa  live  other  hand,  the  velocity  may  be  often  increased,  for 
fttimitar  reason,  at  the  place  of  a  partial  contraction.  Hence  Er|*«rinient' 
|,«e  nay  easily  understand  some  of  the  experiments,  which  '"  Wiiion  oo 
,  Wilson  has  related  in  his  valuable  treatite  ott  fevers :    """' 
the 
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the  application  of  spirit  of  wine  to  b  part  of  the  mcmbrotifl 
of  B  frog's  foot  contracted  the  rupiUory  arteriea,  and  at  the 
same  lime  accelerated  the  niolion  of  the  blood  in  them, 
while  in  other  parts,  where  iiifluinination  wus  present,  and  , 
the  vessels  were  distended,  the  motion  of  the  blood  was 
slonrer  than  uaual. 
AncthBT  jte-  Another  species  of  inflsmtnotion  may  probably  be  ceca- 
ls, sioned  by  a  partial  constriction  or  obstruction  of  the  capil- 
lary arteries,  which  must  indeed  be  supposed  to  exist  where 
the  blood  has  become  wholly  stagoaiit,  as  Dr.  Wilson  in 
some  instancea  found  it.  This  <lb^t^uctioD  must  however 
be  exteaded  to  almost  all  tlie  branches,  belonging  to  some 
small  truok,  in  which  tKe  pressure  remains  nearly  equal  to 
the  tension  of  the  large  arteries;  for  in  this  case  it  will  hap- 
pen, t)>attbe  whole  preaaure  will  be  continued  throughout 
the  obstructed  branches,  without  the  subtraction  of  the 
most  connlderablc  part,  which  is  usually  expended  in  over- 
coming the  resistai;ceH  dependeot  on  the  velocity;  so  that 
the  small  branches  will  be  subjected  to  a  pressure,  many 
times  greater  than  that  which  they  are  intended  to  withstand 
in  the  natural  state  of  the  circulation  ;  whence  it  may  easily 
happen,  tbiit  tliey  niiiy  be  morbidly  distended;  and  this 
distension  tnuy  convtiiute  an  inflammation,  attended  by  red- 
ness and  pain.  Nor  is  it  impossible,  that  obstructions  of 
this  kind  may  originate  in  a  vitiated  state  of  the  blood  it- 
eelf,  although  it  would  be  difhcult  to  prove  the  truth  of 
the  conjecture;  U  aeem^,  however,  to  be  favoured  by  the 
observation  of  Haller,  tiiat  little  clots  of  globules  may  of- 
ten be  observed  in  the  arteries,  when  the  circulation  is  lan- 
guid, and  that  they  disappear  when  it«  vigour  is  restored, 
especially  after  venesection.  But  if  a  very  small  number 
only  of  capillary  arteries  be  obstructed,  other  minute 
branches  will, sllll  be  capable  of  receiving  the  blood,  which  'l 
ought  to  pass  through  them,  without  any  great  distension 
or  increase  of  pressure;  and  tliis  exception  ii  sufiicient  to 
explain  another  experiment  of  Dr.  Wilson,  in  which  a  small 
obstruction,  caused  by  puncturing  a  membrane  with  a  hot 
needle,  failed  to  excite  an  inflammation.  This  species  of 
Inflummation  is  probably  attended  by  less  heat  than  the 
fortner;  and  where  the  obstructioo  is  very  great,  it  may 
pcihaps 
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perhaps  lead  i  in  mediately  to  a 

by  the  Geromns  "  u  cold  burnuig." 

The  most  usual  cnuees  of  inflammatinn  nppearfo  be  eosily  TTiwe  c 
reconcilable  with  these  coiijectiireii.  Suppose  auv  consider- ^^'^'"''* 
able  part  of  the  body  to  be  affected  by  cold  ;  the  capillary  iKc  tom 
■veosela  will  be  cotitrarled.uud  at  the  fame  time  tlie  tempera-  ""'"H 
tare  of  seme  parts  of  thetr  conlerits  will  be  lowered,  from 
both  of  which  causes  the  resistance  will  be  increased,  and 
the  arteries  in  general  will  be  more  or  leas  overcharged :  if 
any  oilier  part  of  the  system  be  at  the  same  time  de- 
iHlilateO  or  uvcrbtated,  its  arteries  will  be  liable  to  be  mor- 
bidly dititended,  and  an  inflammation  may  thus  u'isc, 
which  may  continue  till  the  minute  vesaelB  are  supported 
and  ttrengthened,  by  means  of  an  effusion  of  coagutab1« 
lymph.  Tlie  immediate  effect,  either  of  cold  or  of  heat, 
may  also  sometimes  produce  auch  a  degree  of  debility  in  any 
part,  as  may  lay  the  foundation  of  a  subsequent  inflamma- 
tion: but  the  fir!<telT'<.-ct  of  beat  in  the  blood-vessels  appears 
to  be  the  more  ready  Iraasmission  of  the  blood  into  the 
veins,  by  means  of  which  they  become  very  oWrvably 
prominent:  and  cold,  which  checks  the  circulation  in  the 
cutaneous  vessels,  probably  occasions  a  livid  hue,  by  retnin- 
tng  the  blood  stagnant  longer  than  usual  in  the  capillary 
veweEs  of  all  kinds.  It  may  be  objected,  thnt  an  obatriic- 
tion  of  the  motion  of  the  blood  through  a  (jreat  artery  ou£;hl, 
upon  these  principles,  to  produce  an  iiiRammation  in  some 
distant  part:  but  in  this  case,  the  blood  will  still  find  its 
very  copiously  into  Ihe  parts  supplied  by  the  artery, 
by  mean^  of  some  collateral  branches,  which  will  always 
adroit  a  much  larger  quantity  of  blood  than  usually  passes 
throui^h  them,  whenever  a  very  slight  excess  of  force  can  be 
bund  to  carry  it  on,  or  when  the  blood  which  they  contain 
.»  n  readier  passage  thau  usual,  by  means  of  their  com- 
nuatcntion  with  such  parts  as  are  now  dejirived  of  their 
inturul  bupply. 

It  [i  difficult  to  determine,  whether  blushing  is  more  pro-  Bi,,shin-, 
»bly  effietud  by  a  constriction  or  by  a  relaxation  of  the 
leasels  concerned ;  it  must,  however,  be  chiefly  an  affection 
f  tlie  smaller  vessels,  since  the  larger  ones  do  not  contain  a 
lofficienl  quantity  of  blood  to  produce  so  sudden  an  ellect, 
Ferhap'i 
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Perhaps  the  capillary  vesselB  are  dilated,  while  the  arteries, 
which  area  Utile  larger  onlyi  ar£  (.-ootracted :  possibly  tna 
an  obitruction  may  ex'ul  at  ihe  point  orjunction  of  the  a^r- 
leries  with  tlie  vlIds;  aud  vrhcre  lire  blush  u  preceded  by 
paleiiesB,  such  aii  obatructioa  is  probably  the  priDi;ipal  caua^ 
of  the  whole  afTectiou. 

With  respect  to  the  tendency  of  ioflnmmatioD  in  general 

'  to  extend  it^lf  to  the  neighbouring  parts,  it  is  scarcely  pos- 
■ible  to  form  any  reasonable  conjecture,  that  can  lend  to  its 
explanation  ;  this  circumstanee  appears  to  be  placed  beyond 
tlie  reach  of  any  mechanical  theory,  and  to  belong  rather  to 
some  mutual  communicBtionof  the  functions  of  the  nervoub 
system  ;  bince  it  ii  not  intluuimation  only,  that  i^  thus  pro- 
pagated, but  a  variety  of  other  local  affections  of  a  specific 
nature,  which  are  utuidly  complicated  with  inflammation, 
although  they  may  perhaps,  in  some  casef,  be  independent 
of  it.  Inflammations,  hoirever,  are  cetlainly  capable  of 
great  dirersily  in  their  nature,  and  it  is  not  to  be  expected, 
that  any  mechanical  theory  can  do  more  than  to  afTord  a 
probable  explanation  of  the  most  materiul  cii'cumbtancest 
which  are  common  to  ult  the  ditferent  species. 

Beside  these  general  iltustraliona  of  the  nature  of  fevers 
and  inflammations,  the  theory  which  lias  been  ixplained 
may  sometimes  be  of  use,  in  enabling  us  to  understand  the 
operation  of  the  remetlies  employed  for  relieving  them. 
Thus  it  may  be  shown,  that  uny  diminution  of  the  teoBion 
of  Ihe  arterial  system  must  be  propagated  from  the  point  at 
which  it  begins,  a&  from  a  centre,  nearly  in  the  sanie  man- 
ner, and  with  the  same  velocity,  as  an  increafe  of  tension, 

.  or  a  pulsation  of  any  kind  would  be  propagated-  Hence 
the  elTeet  of  venesection  muiit  be  not  only  more  rapid!]')  but 
aUo  more  powerfully  I'eit  in  a  neighbouring  thaq  in  a  dis- 
tant part :  and  although  the  mean  or  permaneut  tension  of 
the  Teesels  of  any  part  must  be  the  same,  from  whatever 
vein  the  blood  may  have  been  drawn,  proviilod  that  they 
uudergo  no  local  altcnition,  yet  the  tempoiaty  chooj^e,  pro- 
duced by^peniog  «  vein  in  their  neighbourhood,  may  have 
relieved  them  so  ctt'ectually  from  nn  excess  of  prei>»ure,  as 
to  alloiv  thein  to  recov-er  their  nutural  lone,  which  they 
could  not  have  done  without  such  a  partial  exhaiiBtioa  of 

the 
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_^e  neighbouring  tcbhIb.  But  since  it  seenis  probable, 
that  the  minute  arteries  are  more  aflected  by  distension  tlian 
the  veins,  there  is  reason  in  general  to  expect  a  more  speedy 
artd  efficacious  relief  in  iuHfttn  motions,  from  opening  an  Anerioionij. 
artery  than  a  veiu :  this  operation,  hon^ver,  r«n  seldom  be 
p^rormed  without  material  inconvenience;  but  it  is  proba- 
bly for  a  (imilar  reason,  that  greater  benefit  in  often  espe- 
lienced  from  withdrawing  a  small  portion  of  blood  by  means 
of  cuppiog  or  of  leeches,  thao  a  much  larger  quantity  by  Cupping  md 
venesection,  since  both  the  former  modei  of  bleeding  tend  'ee^ha. 
to  relieve  the  arteriei,  as  immediately  m  the  veins,  from 
that  diitenslon,  which  appears  to  conBtitute  the  most  essen- 
tial characteristic  of  inflammftlioD.  Inaiiase  of  hemorrhage  tJscortoK- 
from  one  of  the  sinuses  of  the  brain,  a  very  judicious  phy- 
sician lalely  prescribed  the  digitalis:  if  the  efi'ect  of  this 
medicine  tends  principally  to  diminish  the  action  of  the 
heart,  as  is  commonly  supposed,  it  was  ma>e  likely  to  be 
injurious  than  beueticial,  since  a  veuona  plethora  mast  be 
increased  fay  the  inactivity  of  the  heart ;  but  if  the  digitalis 
diminiahes  the  general  tension  of  the  arteries,  in  a  greater 
proportioD  than  it  aifects  the  motion  of  the  heart,  it  may 
possibly  be  advantageous  in  veuons  hemorthages.  We 
have,  however,  no  sullicient  authority  for  believing,  that  it 

iku  any  snch  effect  on  the  arterial  system  in  geuerul. 

■     Althongh  the  arguments,  which  I  have  advanced,  appear  Muiculjr 

no  me  sufKcie.it  to  prove,  U>at,  in  the  ordinar)' state  of  the, n^ii^  i,av« 
rirunlation,  themuscnlar  powers  of  the  arteries  have  very 'jj''"  *?^* "" 
little  effect  in  propelling  (he  blood,  yet  I  neither  expect  (ircuutiua. 
nor  desire,  thai  the  prevailing  opinion  slioald  at  once  be 
universally  abandoned.     1  wish,  however,  to  protest  once 
more  against  a  hasty  rejection  of  my  theory,  from  a  super- 
ficial consideration  of  cases,  like  thut  which  has  been  re- 
Uted  by  Dr.  Clarke ;  and  to  observe  aguin,  that  the  objec- 
tions, which  I  have  adduced,  agninst  the  apemtion  of  ihe 
muscular  powers  of  the  artercs  in  the  ordinary  circulation, 
I  being  applicable  to  these  ca^es,  they  are  by  no  means 
med  by  any  inferences  which  can  be  drawn  from  them. 
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IV. 

Dtjcription  of  a  Scarificator  on  a  new  Principle,    By  Mr* 

Thomas  Siiute,  Surgeoju 

SIR, 

Ne^icarifica*  J[f  the  annexed  descripticn  of  a  Scarificator,  which  I  have 
*  found  upon  trial  to  be  extremely  efficient,  should  appear 

worthy  of  insertion  in  your  Journal,  I  have  taken  the  liberty 
of  transmitting  it  to  you  for  that  purpose. 

I  am.  Sir, 

Your  most  obedient  humble  Servant, 
Park  Street,  Bristol,  THOMAS  SHI  TE,  Surgeon. 

a2dJuli/,  1810. 

^  •  .  The  advantages  resulting  from  a  local  evacuation  of 
Gently  advan*  blood  by  cuppings  in  a  variety  of  complaints,  being  fully 
tegeous.  cstablibbed,  it  would,  I  presume,  be  a  waste  of  time  elabor- 

ately to  descant  on  the  merits  of  such  depletion,  as  forming 
The  operation  ^  ^^??^  *"^  important  remedy  in  the  curative  art.     It  must 
tomctimes       however  be  admitted,  that  the  operative  means,  which  have 
ful   and  in*"*"  been  hitherto  em.  loyed  for  this  purpose,  are  not  only  too 
t{{L>ctua1^         often  tedious  and  painlul  in   their  applications,  but  very 
frequently  extremely  ineftectuai  in  the  event.     Such  being 
the  acknowledged  fact,  and   regarding  it  as  viM-y  improba- 
ble, that  the  difficulty  of  obtaiiiing  blood  could  depend  on  a 
want  of  manual  dexterity  in  the  operator,  when  tlie  scariti- 
cator  usually  employed  had  passed  through  tlie  lumds  of  so 
many  able  practitioners,  it  seemed  natural  to  conclude,  tiiat 

probably  from  the  want  of  success  ought  roth'.T  to  be  at<ributt?d  to  some 

defects  of  the    ri^-^i'  *        .•  r*i-^  ^         ir      t 

in»trumeni.  *«'*"lt  in  the  construction  ot  the  instruraeut  itoLit.  Impress- 
ed with  these  ideas,  and  having  taken  U|>  an  opinion,  that 
t!\c  f.ilnro  of  the  scavilicator  now  in  ui-e  ini.ih}  bi*  attributed 
to  the  inann'^r  in  which  the  incirj^ins  are  made;  and  sup- 
posing, that  simple  puncturc>  uould  nio^'e  itTlainly  cntrr 
Alteration  of  the  depths  intended  ;  I  flatter  invi'^if,  t'nat,  by  altering  the 
Its  principle.  p|.'iin.iplo  on  which  the  instrumrnt  used  to  act,  I  hive  }.ro- 
ductd  one,  which  will  etl'ect  all  the  piirposcs  required  with 
mon'  facility  to  the  operator,  i.iui  les-i  pain  lu  liu'  patient. 

\Viihout 
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I  then  e 
inEtrument.  or  unneces^ianly  to  tlt^pre 
if  ao  old  one,  1  take  the  liberty  of  recom-  " 
my  medicnl  brethren  for  iddr  apprnbstioo, 
wliick  I  huve  faiind  Tr>  aiibwer  in  my  linnifs  miicli  better  than 
|iny  oliier  ihat  I  liavcr  yd  b»n  able  to  jirocure.  That  the 
(niiruiiieiit  here  recommuiJed  will  iiivarinbly  [iroduce  the 
wibhed  far  tffect.  I  am  sanguine  enough  to  believe  ;  at  the 
wine  time  that  1,  by  no  means,  m«an  to  assert  it  is  not  slill 
rapable  of  further  im)ir«veinent. 

A  draught  tkkeo  by  Mr.  Mac  I>onal4l,  a  friend  and  pupil 
«f  mine,  is  subjoined,  sufficienlly  explanatory  as  I  hope  of 
I  lie  fabric  of  the  inBtnimcnt,  nhicli  may  be  purchased  «f 
Mr.  Winter,  Catler,  Bridge  Street. 

It  is  tny  iuletilion,  at  no  very  distant  period,  tooiTera 
few  observations  oil  the  formtitioii  and  Dumber  of  the  Jauceta, 
vo  »»  more  immediately  to  adapt  them  to  purticular  parts  of 
tlie  body. 


I  Eijilanalion  oflht  Plate. 

Plate  IV.  fig.  I,  2,  and  3.  o  a  nut,  by  means  of  which, ti>» itcTUlato 
acting  on  the  screw  i,  the  pUtes  c  and  d,  holding  the  Un-  *"'  Jwcrifcwi. 
c«ts,  are  drann  upwards,  till   the  catch  e  falls  into   the 
notch  at  /.     The  nut  is  then  unscrewed  ;  and,  by  pushing 
ill  the  knobg.  the  catch  is  witlidrnwo,.  and  the  worm  spring 
A  iinnii--diiilc1y  forces  doif  u  the  lancets. 

I,  a  spring  atiiiig  on  the  cntch  ^,  to  forte  it  into  tli« 
notch. 

A,  a  box,  which,  by  means  of  the  screws//,  reguFatea 
at  itill  the  expOMire  of  the  lancets,  and  iu  consequence  the 
■  depth  of  the  incisions. 

The  figniea  are  on  a  scule  of  half  an  inch  to  an  iach. 
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Oft   ike   Theory   of  Capillary  Aitraciunu    By  Thomas 
Kmioht*  E/q»    Iq  a  Letter  from  the  author. 


N 


To  Mr.  NICHOLSON. 
SIR, 


tbeorr  or  1^  OTWITHSTANDING  the  attention,  that  has  lately 
••P^I'^T^J*  been  paid  to  the  pheDoraeoa  arising  from  capillary  action, 
the  theory  appears  to  be  still  in  a  very  imperfect  state.  I 
have  endeavoored,  in  what  follows^  to  tiirow  some  light  on 
that  part,  which  is  most  defective.  The  insertion  of  it»  in 
yottr  vaHiable  Jonrnal,  will  speedily  bring  iny  ideas  before 
competent  j  udges. 

And  much  oblige,  ;Sir» 

Your  most  obedient  Servant* 
Papcastle,  near  Cockermouth,  THOMAS  KN IGHT. 

July  2^  1810. 

Tbepheno-  There  are  two  ways  of  treating  the  subject  of  capillary 
aMOi a>*rlb«  action ;  first,  the  measure  t>f  the  other  phenomena  way  be 
the  figure  of  ^timated  from  the  figure  of  the  surfhce,  which  is  a  simulia^ 
Uie  suriace,  or  neoui  effect  with  the  height  of  the  fluid  :  or»  secondly,  in  a 
l^J^I  ^         more  natural  manner,  from  the  forces  themselves  which 

support  the  fiuidt 
Miittke  of  If»  with  Mr.  La  Place  and  Dr.  Young»  the  first  method 
Mr.  la  Place,  y^^  made  use  of,  we  must  take  care  ndt  to  mistake  an  efiiect 
for  the  cause,  as  the  former  of  these  authors  appears  at  first 
to  have  done*.  But,  even  if  we  do  not  fall  iuto  this  errour, 
u. theory,  which  stops  here,  must  appear,  I  think,  to  any 
one,  to  be  exceedingly  defective.  Let  the  hydrostatic  prin- 
ciple, of  the  perpendicularity  of  the  force  to  the  surface, 
be  used  to  explain  what  relates  to  the  figure  of  that  surface: 

*  It  is  very  remarkable,  that  Df.  Young,  in  his  observationt  on  Mr. 
la  Placets  theory,  shonki  not  have  noticed  the  chief  circumitauce  in 
M  bich  it  differs  from  all  others :  viz.  <*  Que  IVau  k*6l^ve,  dans  un  tube 
rapillaire,  far  Veffkt  de  la  concavil6  de  sa  surface  int^rieare.**  Sur 
r Action  capillaire  p.  6o.  Whether  Dr.  Young  himself  be  of  this 
opinion,  I  do  not  very  cbarly  percprve . 

but, 


b 
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but,  by  ail  means,  lei  us  hare  a  view  of  ifie  mccAanijm  fty 
wMick  lAr  vlofi!  co/untR  u  ntpporttd. 

Mr.  La  Place,  probubly  from  con«idertng  tlie  matter  in  Errour  in  hii 
tlii«  lijM,  gave  the  world  his  «ecMui  method ;  which  appears  J^"""^ 
to  be  as  erroneous  in  falsely  explaining  the  true*,  as  the 
yErM  bad  been  in  awighiug  a  wroug  cuu^e. 

My  own  intention,  at  preeent,  is  to  shotv  whil  part  of  a  Object  of  ihe 
capillary  tube  keeps  a  fluid  elevated  ;  and  ihe  precine  man-  ""'""■ 
ner,  in  which  it  causea  this  elevution:  or,  in  other  words, 
to  mperaede  this  i>ecoiid  method  of  Mr.  La  Place,  and  ull 
aimilar  theories,  by  oue  ttore  conlbrmHble  to  truth. 

Tile  remarkabit'  eK|>eriuient  of  Ahat,  whith  Mr.  La  Place  Eipmnjcntof 
lieems  to  hare  thought  «oe  of  the  best  proofs  of  his  first  '^''"- 
theory,  will  be  very  «Buly  explained  here  on  quite  different 

We  Bhall  alM  we  what  is  tkt  limit  of  the  height  of  the 
fluid  in  that  experimeat,  which  no  one  1  believe  has  yet 
shown. 

1  suppose,  with  Mr.  La  Place,  and  other  writers  on  the  u"n'^'irf  ** 
subject,  that  the  attractions  of  the  particles  of  the  fluid  for  itself  and  for 
itself)  and  of  the  tube  for  the  fluid,  eslend  only  to  tnsensi-  iheiubediffen 
ble  distances ;  that  they  follow  the  same  law  of  the  distances;  ,i"j,  """ 
and  only  difler  by  ttieir  intensity  at  the  same  distance. 

Prop. 
Vjn  A  B  C  D  E  P  [Gg,  4)  be  the  section,  through  the  Ptoi><»iilon. 
axis,  of  a  circular  tube,  every  where  of  equal  dtsraeter, 
'Iwtit  iaio  a  tectaagular  form,  and  slnnding  in  a  vertical 
|>lnne.  Let  the  part  A  B  C  D,  of  the  tube,  be  formed  of 
matter,  the  intensity  of  attraction  of  which  for  the  fluid 
•ithin  it  IB  represented  by  r,  while  thiit  of  the  other  port 
C  D  E  F  is  r'.  The  txcets  of  the  mai,3  of  Buid  in  the  leg 
A  B  ovef  tiiat  iu  the  leg  E  F  ia  as  (2  r— 2  r}  x  diameter  of 
tlKUbe. 

Let «  H  at  n  t  he  a  slender  canal  of  fluid,  extending  from  I^emoniin- 
tlie  lurfiice  in  one  leg  to  that  iu  tlie  other,  and  parallel  to  "'"' 
aide  of  the  tube,  as  well  as  every  where  at  the  same 
from  it.     It  is,  in  the  first  place,  evident  that  this 

*  The  baltacing  forte  <ff  tbe  lube. 
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canal  is  not  urged  either  way,  except  by  tliose  parts  of  the 
tube  which  are  situate  uear  the  surface  of  the  fluid. 

For»  from  I,  any  particle  of  the  tube,  set  off  I  m,  I  rif 
equal  to  one  another,  and  of  any  leng;th  less  than  the  radius 
of  the  sphere  of  actio^  of  the  particle. 

If  this  particle  urp;es  the  canal  in  one  direction  by  its  ac- 
tion at  911,  it  urges  it  equally  in  the  contrary .  direction  by 
its  action  at  n*. 

We  will  now  see  what  action  the  canal  sustains  near  the 
surface  c  e  d.  With  a  radius  e,/*,  equal  to  that  of  the  sphere 
of  action  of  the  particles,  and  with  the  puint  e  for  a  centre, 
describe  the  circular  arc  o^p* 

The  canal  e  r  is  urged  upwards  by  the  .resolved  action  of 
those  particles  of  the  section  of  the  tube  contained  in  the 
space  o/p  d  o;  and  if  this  space  be  divided  into  two  equal 
parts,  by  the  horizoutal  line  e  J\  the  action  of  the  part 
above  this  line  dr«i\vs  the  canal  as  much  upwards  ab  that  of 
the  lower  part  dot^s.  For  from  any  point  ^,  in  the  lower 
part,  draw  g  e,  g  h  equal  to  one  another ;  the  action  of  g 
on  the  part  e  h  urges  the  cuial  neither  upwards  nor  down* 
wards ;  for  its  action  on  ;iny  poiiit  above  h  is  counteracted  by 
its  actit)D  on  another  point  at  the  ei^me  dibtance  below  r. 
But  theic  are  particles  below  A,  and  within  the  (Sphere  of 
action  cf^r,  a:-  at  A:,  on  which  it  exercises  an  unbalanced 
action  tonciiit^  to  draw  the  canal  upwards.  Next,  suppose 
t,  in  the  upper  part  of  the  space  o/p  d  o,  similarly  situate 
to/j"  in  the  lov.rr.  Draw  e  t,  which  will  be  parallel  to  g  A, 
and  will  evidently  draw  upv»urds  that  part  of  the  canal  below 
e,  as  much  ?s  g  draws  upwards  the  part  below  /j. 

The  other  end  i  ^,  of  the  canal  e  n  mt,  is  urged  upwards^ 

*  ThiK  U  so  pUin,  that  one  it*  astonished  to  find  Mr.  la  Place,  in 
■  his  second^  mot  hod,  making  the  chief  part  of  the  force,  which  clevatos 
the  fluid,  rccide  at  the  junction  of  the  two  tuhet».  Sec  <*  SuppUment 
a  la  Thivrie  de  V  Action  Capillairey^  p.  l6.  Clniraut  also,  in  a  theory, 
to  which  it  hRs  hceu  Ir.tely  the  fabi  iou  to  ^ve  very  undeaerrcd  piaiste, 
falls  into  the  name  errour.  **  FrsriTe  dela  Ttfrre,"  p,  119.  The  falflc 
proposition,  that  a  mass  with  a  plane  surface  prrsHes  a  slender  column 
within  it  dcwnwards,  to  which  most  of  Mr.  la  Placets  rrroun*  may  be 
traced,  has  Clairaut  for  its  original  author.  Ilaiiy  has  the  same 
figure,  and  nearly  the  same  words. 

in 
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ia  like  manner,  by  Ui<^  uitjon  or  the  space  t,  f  v!  i,  equal 
aiiJ  dmcribtd  in  the  oarae  manuer  as,  oj'p  d  o. 

su(i;>0!ie  both  sides  of  the  section  of  the  tube  to  re- 

lUQil    the  uxea  a  b,  n  $;  the  cjrli  drjcai   annulos 

|«iierated  by  e  r  is  urged  ujiwards  by  the  action  of  ihe 

6  j^ifnerated  by  the  circular  space  o/p  d  o ;  and  that 

wncrated  by  •  ^  by  that  (generated  by  u  p  v  t  ai.     If  we  re- 

esent  the  action  of  the  aniiulus  ^nerated  by  oyp  rf  o  by 

i|r>  that  of  the  annuluB  generated  by  w  f  «  S  «  will  be  3  r'. 

:  By  reasoning  in  the  same  manner  with  re  pectto  all  other 

r cylindrical  aninili  within  the  sphere  of  action  of  the  tube, 

•iid  taking  the  sura  of  all  the  actions,  it  is  plain,  that  the 

excesa  of  the  mass  of  the  fluid  ia  the  leg  A  B  over  that  in 

the  leg  E  F  i*  as  a  r— 2  r. 

»6ut  now,  supposing  all  other  things  to  remain  the  seme, 
conceive  the  diameter  of  ihe  tube  to  vary,  A  canal  «  r,  at 
Ihe  same  distance  fruui  the  side,  ia  tubes  of  diiTtreut 
diameters,  will  be  equally  attracted  by  alt  of  them:  for 
that  part  of  the  surface  of  the  tube,  which  attracts  the 
Canal,  is  so  small  (by  the  hypothesis)  that  it  may  be  cou- 
■idered  as  ,)lane  whatever  be  the  tube's  diameter. 

Therefore,  while  the  diunieier  of  the  lube  vanes,  a«  the 
BDmber  of  equal  columns  in  a  cylindriiat  annul  ih  of  given 
breadth,. at  a  given  distance  irom  the  lube,  biit  within  the 
reach  of  its  action,  varies  quam  proxime  as  the  diumeter  of 
the  tube,  while  the  force  urging  upwards  each  separat« 
column  is  constant  it  i^  easy  to  see,  by  collecting  as  before 
the  eum  of  the  forces  acting-  on  diHiren'  aunuli,  thitt  the 
excess  of  he  mass  in  the  leg  A  B  over  that  in  £  F  is  ui  the 
dianeier  of  the  tube. 

By  combining  both  parts  of  the  propnsition,  and  sup- 

poaing  thr  diameter  of  the  tube,  and  thi;  attractions  of  its 

I       l«  ■  ends  to  va  y  tof;eMer.  the  exce->»  of  the  mass  in  A  B 

M'vnt  that  io  E  F  will   be  as  (j  r— 'J  r)    X    diameter. 

Kqed. 

^r  '  Cor.  Itt.  It  is  pTaiD  from  the  above  demonstration,  that  Cm«11»7  1. 
the  mans  of  Ruid,  supported  by  a  capillary  tube,  depends 
not  in  the  smallest  dei^ree  on  the  figure  t  a  rf  of  its  surface, 
ao  that,  if  it  were posti'ilr /or  ut  to  make  this  tur/act  lake 
t  aty  othtr  c<mceioableJi(»Tf,  the  same  mass  qfjluid  wuuid 
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itUl  be  tnppOTltd,  The  figure  of  (he  •ur£u«  ij  a  Mronrfvry  | 
effect,  exactly  in  ilie  same  manner  as  the  catenarian  form  of  I 
a,  snpported  chain  ts  a  iecondtkT}'  effect ;  the  cause  being  the 
pegaaod  the  force  of  gravity. 

When,  however,  i  say,  that  the  figure  of  the  turfapc  \t 
nf  DO  conseqiii-'nce,  I  suppose  that  surfare  to  be  ataaetiBible 
<ii«tance  below  the  orifice  of  the  tube,  otherwise  the  case  will 
be  very  different :  for. 

Cor.  2il,  Suppose,  in  fig,  5,  every  thing  to  remain  W 
befiore,  excepting  that  the  whole  tube  is  made  of  one  kind 
of  matter,  (the  int-^nsity  of  attraclion  for  the  fluid  within  it 
being  r)  ai>d  that  the  left  iiand  branch  terminates  at  yS,  doee 
ta  the  xiirluce  of  the  fluid.  1  nay  that  the  difference  of 
masiei,  in  the  two  branches,  will,  in  great  mesHure,  depend 
•»  the  figure  of  that  part  of  the  sur/acr  of  l/tefuid,  at  the 
orifice  y  1,  uhich  is  near  to  y  andd:  and  that  we  should 
haw  the  greatest  difference  of  masses  if  it  were  posiiible  to 
oiake  ttie  fluid,  at  this  orifice,  take  any  figure  as  <t  x  z  y  *, 
perpendicular  at  the  sides,  and  having  every  point  of  in 
opper  aorface  distant  from  y  and  J  by  a  space  greater  than 
the  radius  of  the  sphere  of  action  ofthe  particles.  And  the 
differcDce  of  masses  in  this  case,  would  be  to  the  difference 
of  niMsea  wlien  the  surtiice  is  boriKontat,  a«  y  •  },  at  th«' 
orifice  of  the  tube,  as  3  to  1.  * 

For,  to  this  latter  case,  when  ihe  surface  of  the  fluid  i< 
T  ■  S,  It  is  evident,  from  the  reasoning  used  in  (he  proposi- 
tion, that  the  left  hand  ma^s  is  drawn  upwards  by  a  fore*  hi 
r,  and  thif  right  band  maM  by  a  force  as  3  r ;  whtmce  the^ 
diflVrence  of  the  masses  is  a*  r.  But,  if  ihc  lef\  Itand  niusf* 
could  6taiid  at  x  2,  ami  the  column  i^  become  yp,  any  such 
column,  and  consequently  the  whole  left  hand  mass,  would 
i>e  urged  neither  ujiwardsnor  downwards  by  the  branch  y  ^ 
of  the  lube:  therefore  the  difference  of  masses  would  be 
entirely  occasioned  by   the  other   branch,  and  nowld   b*' 

Now,  though  w«  cannot  make  the  fluid  atand  at  x  s,  wc 


•Mr.  Hsily,  exjiUioiinj  Ahit'i  ciperinunu  after  Ihe  idea*  oT  la  IMicc, 
(alh,  in  eoiitcquence,  into  an  ermur.  See  '  Trail*  de  Fhyiique,'  turn.  1, 
p.  243,  Ed.  i.  <  le  peiii  cbargeiiient  de  figure  lui  ioaat plv  dtjotc*,' 
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7  give  it  the  convex  l«rm  i  i  y;  and  if  e  d  wbp  the  sup> 
bee  in  th«  branch  A  B,  vhea  that  in  the  other  branch  wu 
•;  let  this  lart  become  convex,  aaif-y,  and  the  first 
sbmll  b«  V  «;  th«  difFerence  of  masses,  in  the  Utter  cbo*. 
being  to  that  in  the  former  In  s  ratio  approaching  the  more 
nearly  to  thut  of  3  to  1,  the  higher  we  can  make  the  convex 
flurfoce  i  I  y,  and  the  nearer  its  sides  at  y  and  Sare  to  per- 
pendicular itj  irilh  i  »  y. 

Here  then  is  the  rrae  and  simple  explanation  ofAbat'i 
experiment,  nhich  in  no  respect  depends  on  the  figure  of 
the  (urface,  in  ihefenfe  that  Mr.  la  Place  meant''. 

Cot.  3rd.     Let  A  B  ;>  r,  Gg.  6,  reprebent  a  tube  of  such  Coc^lair  9. 
intensity  of  attraction,  that,  if  it  be  immersed  in  a  fiuid  the 
horizontal   surface  of  ffhicb   is  J"  c  d,  this  surface  shall 
undergo  no  alteration. 

Suppose  this  tube  cat  off  close  to  the  surface;  as,  by 

is,  tlie  part  ofc  (a  quiiHrnnt  to  the  radius  of  the  sphere 
of  attraction)  to  wljich  half  its  effect  is  owing  [by  the  p». 
position)  is  taken  away,  the  intensity  of  attraction  of  the 
lower  j>Mt_fcp  roust  be  doubled  to  preserve  the  equiTibrism : 
and  it  plainly  follows,  that  the  intensity  of  attraction  of  tbe 
flaid  fSor  itself  is  twice  that  which  the  tube  before  it  wbi  cat 

rhad  for  the  fluid. 

Hsr;  1  not  say,  that  so  peettliar  a  deroonstntion,  of  a 
theorem  easily  proved  in  other  ways,  is  of  itself  sufficient  to 
establish  the  truth  of  this  theory  f 

Cor.  4lh.     If,  in  fig.  4.  we  suppose  the  branch  E  P  to  o 
be  cut  off  close  to  the  surfnce  (nhich  1  suppose  boriiontal] 
and  then  to  be  of  the  wme  intensity  of  attraction  with  the 

*  After  the  nine  msnoer  Is  ncplsined  anottiei  esjierimcnt  rnentiontd 
%*  Mr.  I*  PlicS)  III.  lUppleiDFnt,  p.  60.  Pliwgea  opilliry  tube  \tm 
SKter,  in),  having  tkned  iht  loner  orifice  with  the  fiiigcr,  draw  H  ouf 
«f  the  wsier.  If  ■«  oov  remoTc  ihe  (irj|ei,  ibc  fluid  will  fill  In  tba 
tube,  ind  'arm  a  codtbz  diop  it  Ibe  Iswer  orifice.  But,  wben  it  hei 
ettaed  to  defcend,  the  height  of  ihe  coliirnn  (Jwayi  remains  f>reateT  ibin 
the  heighiof  ihf  wilerla  the  lube,  »boTe  the  lerel,  when  il  ws«  plunged 
in  the  fluid.     "  TJli"  «r*.i»  Isayi  Mr.  Il  Place)  u  aumg  ti  the  octfim  ^ 

Tbe  (nu-  avpUoMion  is  llie  ssne  as  Ihu  I  hate  |l«aB  aborc  of  Abat^ 
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CFf  ECT>  OF  QOtCKSILVGI  IN  BILOE  WATEK. 

Quid  it  coDtaios,  we  hare  the  case  «F  a  coinmon  CHiiiUarjr 
tube;  aud  the  mass  raided  above  the  level  of  the  surface  of 
the  fluid  in  the  re»sv\  te  us  (i  r— r )  x  diameter  of  the 
ttiU.  Front)  this  corollary  the  expUaation  of  tb< 
pbenomeua  is  too  simple  to  malic  tt  necessary  for 
dnell  on  it. 


vr. 

An  Areount  of  the  Efftcti  of  T/iirlff  Tont  of  Qaicksiher 
tieaping  by  the  rotting  of  Uathrra  Bags  inlu  the  Bilgt 
Water,  on  board  the  Triumph  Man  of  War:  commumealed 
by  Dr.  Baibd,  Phgiieian  Getieral  lo  the  Navy, 
Friend  in  Loadvn. 

1  N  April,  1810.  the  Triumph  man  of  war  took  on  board 
thirty  tons  of  quicksilver,  contained  ia  leathern  bags  of 
£Olbe.  each.  These  bags  were  picked  np  on  the  ahoi 
Cadiz,  from  the  wreck  of  two  Spuntah  line  of  battle  ihip«« 
ItMt  io  the  storm  iiiiiiiedialely  preceding,  at  the  end  o[ 
Morch,  the  above  dute.  The  colleiled  bags  were  stowed 
beloiv,  in  the  bread  room,  after  hold,  and  rtore  rooms.: 
inwMlcsthftm  they  were  saturated  with  salt  water,  and,  in  about  a  forl- 
*uX  buBl.     "'K*"*'  ""  *'^"*J*^  ""^  '■""'■      *"  '*••  ""  °^  coilecliLf 

endeavouring   to  save  the  quicksilver  in  casks,  much  of  it 

found  its  wav  to  lUe  recesses  of  the  ship,  beyond  the  posst* 

bility  of  recovery.     Some  portion,  however,  was  secreted 

br  the  men,  nho  amused  themselves  in  various  ways  nith  it, 

eir  spooiui,  &c.  • 

like  npouTof     At  thin  period  bilge  water  had  collected  In  the  ship,  thf 

"I". '''|B« "•'"■«t«Bch   from   n^.ich   was  intolerable;   and   the  car;ienter^ 

ttli  ;iiE'(»1<>r™''te,  in  the  ucl  of  sounding  the  w«ll,  was  nearly  i 

trlukenkjc       catcd.     The  effect  of  the  gas  escupiiig   from  bilRt  wa 

manifested,  by  itd  chituging  every  metallic  substance  in  tlw 
■hip  bluck.  But  in  ihis  instance  melals  of  every  kind 
:were  UJitcd  with  qdickulver ;  and  a  general  affection  of  the 
mouth  took  place  uniong'thc  mcti  aud  officers,  to  a*»everfe 
degree 


KFFBCTS  or  gUICK&rLVEE  IN  BltCE  WATEX.  J$3 

deirree  of  ptyaliBin,  in  Dpwards  of  300  men.  The  «f>i[J  was  ■nd9ati<atc4 
•eiit  to  Gibraltar,  hart  all  her  «ore»  tikkra  out,  the  hold  {J^''' •**" '^ 
made  dean,  .and  all  the  cguickaitver,  ihut  could  be  reached, 
Knioverl :  bnt  near  ten  toim  are  siipptwed  tttlt  to  reinaiu  be- 
tween ihe  ship's  tiinbera  below,  which  cod  only  be  clcured 
sway  iij  docking  the  ship,  and  dialodj^ng  a  plunk  at  the 
mo>t  descending  part  near  the  keel.  Since  the  process  of 
tleaniiig  tht  ship  has  taken  place,  and  a  new  atnioaphere 
ctcutcd,  all  effects  from  the  quickulver  have  ceased. 


Dr.  Bnird  having  requested  an  explanatioa  from  bis  friend 
in  London,  the  following  aceount  was  transmitted  lo 
I'lymouth, 

To  Dr.  BA!RO.  ^ 

From  well  established  principles,  as  well  as  analogies,  aThkiccoaatct 
very  reusoiiiible  explanation  may  be  given  of  the  efftcta  at-  "  * 
xibuted   to  thirty  tons  of  ijuickgilver,   exposed   on   botttd 
the  Triumph  in  bilge  water,  with  rotten  leathern  bags,  in  » 
Itot  clintate,  the  beginning  of  suiaiiier. 

The  atinking  gns,   which  was  generated,  was  sulphnret- Gaun  oua- 
ed  and  perhaps  phosphurctted  Ijidrogen  gas,  mixed  with      ''"""^ 
carbonic  acid  and  perhaps  other  gasses  compounded  by  tlie^,,. 
puirefuclion  of  animal  and  vegetable  matter.     The  deadly 
■nflboBting  effects  of   which  passes  are  fully  ascertained, 
unlets  diluted  with  a  large  proporliao  of  fresh  air;  and  the 
tarniehiiig  of  metub,  especially  of  silver,  at  a  great  dis- 
tance, even  when  mixed  with  a  large  proportion  of  fresh  air, 
i«  a  well  known  eti'ect  of  sulphuretted  hidrogen. 
These  last  named  eg'ects  are  attributable  to  the  gasses  of  The  qokfaiU 
.  putrefaction   indeuendently  of  qultkBilver.     But  when  the  ""  "OuU  liia 
..  ,  1      ;       r    L  .,    •  J        J  in  IMrt  from 

lenre  ol  se  large  a  body  of  this  metal  is  considered,  it  n,;  miiou  of 
will  he  easy  lo  account  for  the  whitening  of  metals,  and  I'eii, 
tb«  »aliv»l]Du  or  sore  mouth  of  maof  persons  in  the  ship. 
The  quicksilver  would  rise  united  or  suspended  by  the 
above  gasses,  or  be  even  tvnporatt^d  by  the  heat  of  the  ship, 
in  the  common  fresh  air.  This  metul  so  sut[>eiided  tit  di>- 
tnlvrd  is  very  likely  to  penetrate  the  tuman  body,  and  aet  ^ 

npoD  it  like  the  fumii^Htioa  nith  quicksilver  ;  but  swlpbiir- 

etted 
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lurie  would 


•nd  likewlM     etted  hidrogen  dissolves  the  metal,  and  of  c 

iJTed'bSl'"  "'"'^  ''  ""lerevcr  llie  gas  wa«  tKMmitted. 

(ulphurH[«t         It  will  be  uuderstood,  that  the  sulphur  «Dd  plioaphonit 

1  rogcn.         ^^^  Fumished  probably  by  tbe  decompoEition  of  sulphuric 

^nd  phoaphoric  adds,  alnaya  preieot  in  all  Uuida  of  animal 

Bouic«t  of  the  matter.  The  hidrogen  gas  i«  furnished  chiefly  by  the  de- 
'  compoeitioQ  of  the  water.  The  carbonic  acid  is  f:pmpound«4 
I^  the  union  of  the  charcoal  of  the  aniinal  Rod  vtgetabia 
matter  with  the  o>i|;en  (principally)  of  the  water. 

•nd  of  th*  The  Btiiik  is  now  imputed  to  the  mixture  of  sulphuretted 

ttcnelu  jjjj  ph OS phu retted  ga«»es  with  putrifyiog  matter.     If  the 

leathern  bags  of  quicksilver  had  been  kept  dry.  they  would 
not  have  putrelied,  but  probubly  would  have  retained  the 
metal,  and  the  above  effects  woiitJ  not  have  happened. 


Scheme  for  preserving  ihe  Livei  of  P«i-*onj  Skipwrtektd. 

ByG.  CUMBEBLISD,    Elq. 

SIR, 

Hiaii  fc(  pre.  XJrfNCOURAGED  by  your  ready  insertion  of  auch  p«- 
ihtpwMcked."'  P*"  **  *  hove  addressed  to  you  at  my  leisure  momeDls,that 
1  thought  may  be  of  use  to  society ;  I  lake  tbe  liberty  to 
propose  the  publication  of  some  crude  refiections  ou  a  sub- 
ject of  very  great  national  importance:  and  although  once 
preseoted  to  the  Admiralty  *  without  producing  eveu  an  ac- 
knowledgment, I  feel,  that  you  will  not  think  such  an  idea 
lit  to  bf  totally  rejected;  as,  if  not  immediately  put  into 
practice,  it  may,  by  being  recorded,  be  the  means  of  ulti- 
mately producing,  from  better  heads,  some  improved  pro- 
visions, that  shall  render  naval  servii  c-s  less  dangerous  to 
those,  who  are  the  support,  the  defence,  and  the  bulwark 
of  tbe  nation. 

"  Mj  letter  wu  sddnMed  to  LoiJ  MdviUe,  Ihia  first  X>ord  of  lh« 
AdEuiiilty. 
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t  very  cases, 
lined  liimselftulnou 


Tlie  gnind«on  of  the  man  who  first  i 
of  (.hip  timber  by  means  of  hoi  sand,  in  the  verv  cases"  '*"*"<  **"P 
which  now  are  filled  with  boiling  nater ;  who 
by  expending  £|6,000  lo  enrich  hia  country, 
with  a  delusive  patent,  and  left  his  children  in  want;  m»y 
lie  allowed  to  be  disinterested  in  any  proposal  he  makta  for 
the  benelit  of  a  navy,  that,  as  individuals,  has  only  beeu  to 
tbem  pcf>daetive  of  disappoiiitmeut  and  irretrievable  loss. 

About  six  years  past,  a  solitary  inhabitant  of  a  promon-  J4atanl  plie- 
Ion' proicctinK  into  the  Severn  Sea,  called  Weston  Super  """"'''*'"'>•' 
jell  mnch  among  the  rocks  there,  and  j^^j  ,o,|„4^ 
■pent  many  hour*  in  Htbdying  the  action  and  form  of  ivufer  '*'«'• 
whin  impelled  in  the  figure  of  a  wave ;  it  being  my  opinioa 
ut  that  time,  as  it  still  is,  that  the  forms  uater  takes  from 
motion  are  so  determined,  that  even  in  sculpture  they  may 
tie  represented  with  correctness ;  and  that  nothing  would 
lieller  teach  ua  the  art  of  representing  motion  by  fixed 
linex,  than   these  images  so  often  repeated  with  exactnets. 
On  these  occasions  I  frequently  obiierved  extensive  masse* 
hieh  the 
coves  be- 
vel ;  and 
self,  a  green  carpet,  that, 
»as  never  submerged,  al- 
innally  yarjing  its  surface  t  and  on  which,  ui  on 
•  resting  place,  birds  frequently  alighted,  or  sat  to  tepoie 
theraselvM,  as  if  it  were  a  verdant  down. 

On  a  coast  so  remarkably  dangerous,  where  no  boat  could  [u  pnctkal 
land  even  in  comparatively  tranquil  weather,  these  laje  rajii  •pp'icjtic"'- 
were  very  interesting,  and  led  naturally  to  the  thought, 
whether  fuch  a  sort  of  raft  might  not  be  constructed  of 
ntber  materials,  fit,  instead  of  birds,  to  carry  men.  The 
Vnnlt  of  which  was,  it  appeared  to  me,  that  if  each  sailor 
:orlt  mattress,  and  these  matlressei 
wen  all  tiuked  together  by  cords,  anch  a  float,  cnpulile  of 
Janding  safely  even  on  breakers,  would  be  produced. 

Pleased  with  the  thought  I  went  to  Bristol,  and  consulted  Cork  shsvingi 
■  cork  culler  there  as  lo  the  quantity  of  cork  necessary  to  "hra'f  "1^ 
support  B  man;  and  soon  found,  that  a  very  moderate  m*<tra>e,,iiMl 
•eight  would  do,  and  that  cork  shaviogs  were  then  worth  JjJ^'^'JJ^ 

only       *"    '"' 


of  the  seu  weed  called  tang  on  that  coasts 
fanners  burn  for  manure,  floating  into  the  ho1li 
ne,  on  the  surface  of  the  most  tremendous 

undulating 
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only  8ii.  per  bushel,  and  chiefly  told  for  firing,  or  to  make 
guard*  for  pnvBleiTs  to  fill  the  nettings. 

It  thereforo  Biruek  mt^,  tbut,  as  iQattreBBes  are  necessary 
in  the  navy  fur  the  hamtnocks,  and  [lothing  dryer  than  cork 
or  eauer  to  shave  into  a  thin  elustic  bodj,  it  might  un&wer 
the  above  eiidi  to  fill  these  multreB^s  with  this  substance, 
in  k  proportion  equal  to  the  support  of  a  single  man:  and 
iheo  a  raaw  of  them  thrown  overboard  hnked  together  by 
ties  at  each  comer,  whfre  cords  might  be  always  attached, 
would  form  an  extensive  raft,  capable  of  sustaining,  out  of 
the  water,  as  many  men  as  thert.-  were  of  these  mati 
united;  and  thus  conveying  iheni  on  the  tops  of  the  waves, 
and  depositing  them  safely  on  shore,  or  even  on  the  surface 
of  rocks,  when  the  sea  retired  nith  the  tide. 
This  pUn  tog-  To  contemplate  such  a  thought  in  imagination  ii  truly 
•«"f  "J"^^'  delightful ;  but  to  believe,  a*  1  do,  that  the  thing  is  practi- 
cable with  ease,  and  not  communicate  it  to  other*,  is  im- 
[Kissihle.  I  have  therefore  done  all  in  my  power  to  extend 
the  idea  from  my  own  bosom  to  the  mind  of  the  public  at 
large,  having  first  addressed  my  wishes  and  plan  to  that 
quarter,  where  the  power  of  putting  it  extensively  into  exe- 
cution alone  c:  ' 

As  your  Journal  must  ultimately  reach  all  countries,  I 
therefore  wish  to  deposit  these  reflections  in  it,  in  the  hope, 
that  they  may  thus  be  extended  to  some  practicable  benefit, 
if  not  to  ourselves,  to  our  neighbours,  or  some  distant 
DdteHof  itl  clime,  where  the  coasts  are  equally  dangerous:  for  all  other 
oihnnft*.  Tahi,  that  I  have  either  seen  or  contemplated,  have  this 
great  defect,  that  tliey  come  on  shore  with  too  much  force, 
and  that  the  blows  they  receive  either  disjoint  them,  or  throw 
off  the  people;  that  their  wrecks  are  more  dangerou 
the  rocks  they  strand  on ;  and  that 
those  on  ihem  are  covered,  and  s 
retain  their  hold  or  rise  again. 


i  than 
rae  they  pitch 
lay  be  able  to 
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X^hod  <jf  aittrtamiag  llie  Value  of  Grtnciiig  Timbtr  Trees, 
0td\fftrtnt  innJ  tlittant  Prriodn  of  Time.  By  Mr.  Ciiarleb 
Waibtell,  of  High  llolbom. 

(Conlinutilfrom  p.  3\.J 

ATablk  iliowing  the  jVMoiftrr  of  Treei  10  be  eul  out  in  Table  3. 
Ihimting  of  Woodt,  and  the  Number  left  Handing  at  rwry  ^""  "'""^B 
Period  of  A  Ytarsfrom  20  up  to  64  Yairs.  "'*^'" 

Xn  the  24th  volume  of  the  Transaction*  of  the  Society  of 
Arts,  fic,  page  75*,  Mr.  Salmon,  in  a  paper  on  the  Ma- 
nag^meDt  of  Kir  Woods,  says,  "  the  dUtuuce  of  trees  from 
«sch  other  bhould  be  one  fiflh  of  ihc'ir  heii^ht."  At  this  dl». 
tance,  which  is  probabl;  su(£ci<^nt  for  lir  trees,  the  follow- 
iDg  will  be  the  number  on  en  acre,  and  the  number  to  be 
cut  out  ut  the  oges  and  heights  under- mentioned,  und  (he 
number  of  feet  they  will  then  contain  in  the  boie,  when 
taeagured  to  the  top  of  the  leading  shoot.  The^e  trees  are 
lUpposed  lo  increase  twelve  iuche»  in  height,  uud  one  in 
rirciiniferenct:  annually,  and  to  haTe  been  at  Grat  plunted 
OUT  feet  a{>urt. 

TABLE  III. 


IS* 

Girt. 

ConWnw 

S 

1 

Number  of 
Trees  on 

III 

hi 

1 

mcb. 

ft.   m.  pB. 

/«n- 

fee.. 

ff.t. 

20 

^T 

0  10     5 

4* 

2742 

236i 

839 

727 

iU 

3 

1      6     0 

4-8 

1883 

2824 

4!)4 

741 

SB 

3* 

2     4     7 

5-ti 

1389 

3308 

3id6 

776 

32 

4 

3     6     B 

6.4 

1063 

3779 

2i!3 

79a 

36 

41 

5     0     9 

7-4 

640 

4358 

100 

810 

40 

5 

6  II     4 

»• 

6eo 

4742 

119 

819 

44 

Si 

9     3  11 

B'B 

56:^ 

51^4 

90 

831 

48 

6 

\'2     0    ,0 

9-6 

473 

5664 

70 

840 

52 

""i 

15    3     0 

10*4 

402 

fll30 

55 

S3a 

fi6 

7 

19     0     8 

ir'2 

347 

6011 

4.5 

857 

60 

7i 

23     6     S 

u. 

302 

7076 

37 

866 

iU 

a 

28     5     4 

I«-B 

265 

7537 

•  Src  Jtiumal,  vol.  XVII,  p.  1G3. 
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HETBOD  OP  TALUINC  GROWING  TlHBU* 

And  if  trees  be  periodically  thinned  out  to  the  distance  of 
one  fifth  of  their  height,  and  that  they  increase  fifteen 
inches  in  height,  and  one  inch  and  a  half  in  ctrcuuiference 
annually^  the  number  of  trees  on  an  acre,  and  the  number 
to  be  cut  out  at  different  periods,  and  the  number  of  feet 
they  will  respectirely  contain  at  those  periods,  will  be  as 
under,  vii. 


TABLE  IV, 


1    .• 

f 
1 

• 

Number 

Coo-    iNum-i     s 

Age. 

•6 

'Girt. 

Contcntii 

^of  trees 
OB  an 

tents  of 
tbe 

berto      g 
becut!     'S 

out.  I    S 

s 

feet* 

inch. 

Q 

mere. 

wbole. 

7Mrt. 

tt 

ia.  ptt. 

feec 

feet. 

feet. 

]6 

80 

3 

1 

3     0 

4 

8788 

3408 

980    1825 

20 

85 

n 

8 

5     3 

5 

1748 

4246 

538 

1896 

84 

30 

4i 

4 

8    7 

6 

1810 

5100 

382 

1357 

88 

35 

5* 

6 

8     4 

7 

888 

5944 

808 

1398 

38 

40 

6 

10 

0     0 

8 

680 

6800 

143 

143Q 

36 

^5   1 

6? 

14 

8  10 

9 

537 

7644 

102 

1458 

40 

50   ' 

74 

19 

6     4 

10 

435 

8494 

75 

1464 

44 

55  ' 

«* 

85 

11   10 

11 

360 

9355 

58 

1507 

48 

60  ' 

9 

33 

9     0 

18 

302 

10192 

45 

1518 

58 

65 

9i 

48 

10  10 

13 

857 

11026 

S5 

J501 

56 

70 

lOf 

S3 

7     0 

14 

822 

IIH95 

8y 

1553 

60 

75 

IH 

65 

10  11 

15 

193 

18720 

23 

1515 

64     80 

18 

80 

0     0 

16 

170 

1 3600 

Remarks.  It  will  be  observed  in  all  these  tables,  that  when  trees  have 

doubled  their  age,  there  are  only  one  fourth  of  the  number 
reoiaining  on  an  acre,  in  consequence  cf  their  distance 
being  doubled  ;  but  as  each  tree  will  then  have  increased  its 
contents  eight-fold,  therefore  the  numher  of  feet  on  an 
acre  must  be  then  doubled.  Alcove,  at  64  years  of  age,  there 
is  exactly  double  the  number  of  feet  that  there  is  at  32  years 
of  age. 


Table  5. 
for  thinning 
woods. 


And  if  trees  be  periodically  thinned  out  to  the  distance  of 
one  fifth  of  their  height,  and  that  they  increase  eighteen 
inches  in  height,  and  two  inches  in  circumference,  annually, 

the 
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>»    1 

le  noinb^r  of  tree*  on  an  acre,  atid  the  Dumber  to  be  cut 

1 

It  at  different  periods,  and  ihe  number  of  feel  liiey  will 

len  respectively  coiituin,  will  be  ai  under,  vir. 

J 

TABLE  V. 

1 

Nurohe. 

t^iT^ 

Nub.,  ^ 

^ 

f 

Girt. 

CoDtcnt*. 

1 

oftr«> 

the 

herut 

[L 

S 

Q 

■ere. 

-hck. 

UUl. 

fMl. 

inch- 

ft.    in.  DL. 

feet. 

feel. 

ktt. 

12 

18 

3 

1      1     6 

4- 

2723 

306i 

839 

943 

16 

24 

4 

3     8     0 

4-9 

1883 

5021 

^73 

1794 

fio 

30 

6 

5     2     6 

6- 

1210 

630^ 

370 

1927 

S4 

36 

6 

9     0    0 

7-2 

840 

7560 

ita 

2007 

?8 

42 

7 

14     3     6 

8'4 

617 

9S17 

145 

8072 

98 

48 

8 

21     4    0 

9-6 

479 

1006/1 

99 

2113 

36 

54 

9 

30     4     6 

10-8 

373 

11314 

71 

2153 

*o 

60 

10 

41      8     0 

le- 

302 

1J583 

53 

21C6 

44 

66 

11 

53     5     6 

13-2 

250 

13S64 

40 

3313 

*» 

7-2 

12 

72     0     0 

14-4 

210 

15 120 

32 

2304 

Si 

78 

13 

91     6     6 

16-6 

178 

16394 

24 

2197 

^6 

84 

14 

114     4     0 

16-8 

1£4 

17607 

20 

2286 

fio 

90 

15 

140     7     6 

u- 

134 

18843 

16 

225U 

64     96 

16 

170     8     0 

19'2 

118 

20138 

But  if  the  trees  be  first 

planted  four  Teet  apart,  and  be 

T>bi««.            1 

pwiodirally  thinned  out  t 

>  the  dlstrtnce  of  one  fourth  of'°l^^""'*           | 

Ihoir  height,  and  they  incn 

^e  tnelve  inches  in  height,  and 

m 

one  in  eireumrerence  annu 

ally,  the  number  of  trees  on  en 

•     m 

■■.-re,  and  the  number  to  be 

cut  out  at  the  ages  and  heights 

M 

number  of  feet  they  will  respec- 

1 

lively  contain  in  the  bole. 

when  measured  to  the  top  of  the 

fl 

leading  shoot,  nill  be  as  uu 

der,  viz. 

TABLE 

J 
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TABL 

.E  VI. 

•4  . 

Number 

Contents 

1 
Nnmber 

(Sirt. 

Contents. 

S 

of trees 

»f  tbc 

1  tube 

c 

n 

on  as 

whole. 

cut  out. 

s 

inch. 

5 

acre. 

• 

u 

ft. 

in. 

pt. 

feet. 

feet. 

feet. 

16 

2 

0 

5 

4 

4 

2722 

1209 

980 

435 

90 

2f 

0 

10 

5 

5 

1742 

1512 

532 

4&1 

34 

3 

I 

6 

0 

6 

1210 

1815 

322 

483 

S8 

3i 

2 

4 

7 

7 

868 

2115 

208 

495 

"32 

4 

3 

6 

8 

8 

680 

2417 

143 

508 

36 

41 

5 

0 

9 

9 

537 

27I8 

102 

516^ 

40 

5 

6 

11 

4 

10 

435 

3020 

75 

52a 

44 

5* 

9 

2 

11 

11 

360 

3327 

58 

536 

48 

6 

12 

0 

0 

12 

302 

3624 

45 

540 

52 

6t 

15 

3 

0 

13 

257 

3919 

35 

533 

56 

7 

19 

0 

8 

14 

222 

4230 

29 

551 

6i) 

7* 

23 

5 

2 

15 

193 

4522 

«3 

538 

64 

8 

28 

5 

4 

1  16 

170 

4835 

20 

56& 

38 

H 

34 

1 

4 

17 

150 

5116 

16 

545 

72 

9 

40 

6 

0 

18 

134 

5427 

14 

567 

76 

9i 

47 

7 

6 

19 

120 

5715 

12 

571 

-80 

10 

55 

6 

8 

20 

108 

6000 

10 

555 

84 

lOi 

64 

3 

8 

21 

98 

6301 

a 

554 

88 

11 

73 

11 

4 

22 

90 

6655 

8 

591 

92 

111 

84 

5 

11 

23 

82 

6928 

7 

591 

96 

12 

96 

0 

0 

24 

75 

7200 

6 

576 

100 

I2i 

108 

6 

0 

25 

69 

7486 

5 

542 

104 

13 

122 

0 

8 

26 

64 

7811 

5 

610 

108 

I3i 

136 

8 

3 

27 

59 

8037 

4 

546 

112 

14 

152 

5 

4 

28 

55 

8384 

4 

609 

116 

Hi 

169 

4 

5 

49 

51 

8659 

3 

508 

ivjo 

15 

187 

6 

0 

30 

48 

9000 

3 

56^1 

124 

15-i 

206 

10 

7 

31 

45 

9309 

3 

620 

128 

16 

-2.i7 

6 

8 

32 

42 

9557 

2 

455 

133 

I6i 

Z49 

6 

8 

33 

4tf 

9L82 

And 
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An.l  if  the  tree*  be  periodicBlly  thinned  owt  to  the  dis-  T»Me7                 1 
tenw  of  one  fourth  of  their  hei^-ht,  and  ihey  increase   15  J^'""*           J 

inches  io  lici^hl,  and  ■one  inch  and  a  half  in  circuniftreiice                             1 

]     aiinuBlly,  the  number  of  trees  on  an  acre,  and  the  number                                | 

b  be  Lul  ont  at  the  different  periods  undermentioned,  and                           J 

he  miinber  of  feet  they  will  respectively  contain  at  those                           fl 

ieiioJg,  will  be  <is  under,  vie.                                                                               1 

TABLE  VII.                                                            1 

i 

« 

N»<»b 

n™. 

L 

i 

of  wees 

Coiuent, 

berto 

ecu- 

h 

■r 

GLrt. 

Dislinca 

of  ths 

he  oil 

taut. 

s 

■crc. 

whole. 

out. 

Jr»n,r«i 

inch. 

f«l.  in.   pu. 

feel. 

feet. 

feet. 

|19 

15 

■ii 

0     6     3 

4- 

8722 

1417 

9S0 

510 

lie 

80 

a 

1      3     0 

5- 

17-lJ 

2177 

627 

783 

»» 

«5 

H 

2    5    8 

6-35 

ins 

2717 

341 

831 

*«4 

SA 

*k 

4^7 

7-3 

774 

326^ 

206 

968 

S8 
32 

35 

^^ 

6     8     4 
10     0     0 

875 
10 

S6i 
433 

3902 
4350 

133 
91 

890 
910 

40 

6 

a6 

43 

6} 

14     3   10 

11-35     344 

4897 

(i6 

938 

.-» 

£0 

71 

19     6     4 

12-5    ,   378 

5428 

48 

937 

-<* 

95 

et 

33   n    10 

13-75'   230 

597G 

37 

96i 

« 

60 

9 

:i3     9     0 

15-      ,'   193 

6513 

29 

978 

■;« 

«5 

gj!  42  10  10 

li>-95     164 

7036 

42 

94»                          1 

*s6 

70 

loi  5S    7    e 

17-5    1    142 

76O8 

19 

1018 

v«» 

7a 

IHI  65  10  11 

ja-75    143 

H1Q6 

15 

988 

«4 

so 

IS  1   80     0     0 

20*         108 

8640  1 

'    And  tf  the  trees  be  planted  at  4i  feet  tpart.  and  be  pe-Tiblee                1 

Hodically  thinned  out  to  the  distance  of  one  fourth  of  their  '^'J^^          1 

beighi.  and  they  increuse  18  inches  in  height  and  S  inches                            m 

fa  rircuniferenre  ani.iinlly,  the  number  of  trees  on  on  acre,                           ■ 

|pd  the  nataber  to  be  eat  out  at  the  different  periods  undet^                          H 

taentioned,  and  the  number  of  feet  they  will  then  respeo                        ^M 

Bvely  contain,  will  be  as  under,  vii.                                                      _1^^^H 

V                                                                                       TABLE                          1 

^^^^i 

I4t 
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TABLE  VIIL 


a 

•s 

Nvmber 

Num- 

-- 

^ 
Ul 

3 

of  trees 

Content* 

ber  to 

Con- 

Afe. 

Girt. 

Contentf. 

ts 

on  an 

of  the 

be  cut 

tents. 

V 

S 

S 

acre. 

whole* 

out 

Yoirs 

fret. 

inch. 

feet. 

kD. 

pts. 

feet. 

feet. 

feet. 

12 

18 

3 

I 

1 

6 

4-5 

2151 

2419 

941 

1058 

16 

24 

4 

2 

8 

0 

6- 

1210 

3226  .436 

1162 

90 

30 

5 

5 

2 

6 

7-5 

774 

4031 

237 

1234 

24 

36 

6 

9 

0 

0 

9- 

537 

4833 

142 

1278 

28 

49 

7 

14 

3 

6 

10-5 

395 

5645 

93 

1329 

39 

48 

8 

91 

4 

0 

12* 

302 

6442 

63 

1344 

36 

54 

9 

30 

4 

0 

13-5 

239 

7249 

46 

1395 

40 

60 

10 

41 

8 

0 

15- 

193 

8041 

33 

1375 

44 

66 

11 

65 

5 

6 

16-5 

l60 

8873 

26 

1441 

48 

79 

19 

72 

0 

0 

18- 

134 

9648 

20 

1441 

59 

78 

13 

91 

6 

6 

19-5 

114 

10435 

16 

1464 

S6 

84 

14 

114 

4 

0 

21* 

98 

11204 

19 

1379 

Ck)     90      15 
64     96      16 

140 

7 

6 

22*5 

86 

12093 

11 

1546 

170 

8 

0 

24- 

75 

12800 

T^1e9 
iw  thinning 


It  in  difficult  in  thirtnin^  plnntations,  to  leere  the  trees  at 
nearly  equal  distances.  The  distances  stated  in  all  these 
tablev  niust  be  considered  the  average  distances*  If*  for  in- 
ttnncey  there  be  302  trees  on  an  acre,  their  average  distance 
will  be  12  feet,  although  few  of  them  may  stand  at  exactly 
that  distance* 

If  the  trees  be  first  planted  4  feet  apart^  and  be  periodic 
cally  thinned  out  to  the  distance  of  one  fourth  of  their 
height  until  they  are  28  feet  high,  and  id  one  third  of  their 
height  afterward,  and  they  increase  12  inches  in  height  and 
1  in  circumference  annually,  the  number  of  trees  on  an  acre^ 
and  the  number  to  be  cut  out  at  the  ages  and  heights  under* 
mentioned,  and  the  number  of  feet  they  will  then  respec* 
tirely  contain  in  the  bole,  when  measured  to  the  top  of  the 
leading  shoot,  will  be  as  under,  viz. 


TABLE 


METSOD  or  VAtUllS  CWWriWO  TIHSCB. 


N«mb.,l          ■  ■ 

Nun.. 

vid  & 

of  liee.  k^lcnc 

bcria 

Coa. 

feet 

Gilt. 

Contcnu. 

5 

tin  u       M  the 

becul 

li«l>. 

5 

>ce.       Phol. 

<mhn. 

teet.  in. 

pis. 

ttn 

feet. 

feet. 

IC 

i 

O     5 

4 

4 

27^2 

1309 

980 

43S 

90 

n 

0   I» 

5 

S 

174-2 

1512 

532 

461 

94 

A 

1     6 

o 

e 

1210 

1815 

322 

483 

SB 

H 

2     4 

7 

e»a 

2115 

453 

1078 

30 

3t 

J   11 

10 

4J5 

1-^71 

133 

388 

36 

H 

5     0 

12 

302 

um 

80 

404 

4^ 

51 

8      0 

14 

9^-i 

1783 

52 

417 

48 

6 

Xi      0 

Id 

170 

2040 

36 

433 

54 

Gi 

17     I 

0 

m 

134 

2289 

26 

444 

60 

7i 

3S     5 

20 

108 

2530 

18 

421 

66 

81 

31    e 

Jl 

90 

2S07 

Obstrwaioin  m  Table  IX. 

On  «Hmining  »OTera!  oak  woods,  it  sppMrM  to  me,  ihat  ^ 
the  di»t«nce  of  ooe  third  of  their  height  was  not  too  mucb, 
where  the  trees  were  from  30  to  40  feet  high  aod  upimrda. 
1  h*ve  therefore  calculated  a  table  according  to  the  di&tance 
of  one  fourth  of  ih*ir  height,  till  they  are  26  fpet  high,  and 
according  to  the  disUiice  of  one  third  of  tlieir  height  after- 
ward. 

The  timber  to  be  thinned  out  before  the  age  of  28  year* 

Hill  be  the  same  as  in  Table  VI;  but  at  28  years  of  age  there 

are  5S3  feet  more  to  be  cut  out  according  to  this  table  than 

at  the  aame  «ge  in  Table  VI ;  there  will  however  be  less  to 

be  cut  out  between  the  Bget  of  38  and  6o  yeare  of  age.    But 

if  the  trees  in  thU  table,  in  consequence  of  having  more 

room,  were  to  increase   ij  inch  in  circ  urn  Terence  annually, 

instead  of  I  inch  after  they  are  28  yearsof  age,  the  protltn-e 

of  an  acte  at  6o  years  of  age  would  equal  the  produce  vtated 

Lis  Table  VI  at  the  satue  age;  taking  into  consideration, 

lt)>at  the  value  of  the  583  feet  excels  cut  out  at  23  yean  of 

Isge  would  then  be  more  thau  quadrupltd,  if  the  money 

ftfan  pUced  out  at  5  per  cent  compound  interest.     A  con- 

sidmble 


lidtmble  additional  increase  in  circumrerence  may  certaial 
be  expected,  in  consequence  of  the  treeg  having  all 
double  ttie  room  in  which  to  extend  their  branches,  and 
tile  odmissioD  of  those  powerful  agents,  Gun«hire  and 

fTa  be  conlmved.J 
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Observallont  on  Saturn's  Ring :  bt/ Mr.  Lapi.Ace", 

mniii-  U- wo  ront^itions  are  necessary,  to  maintain  the  rin{ 
iDMcuaiy  Solum  in  equilibno  round  that  planet.  One  respects  the 
vof'yj""  equilibrium  of  its  parti:  which  requires,  that  the  particles 
i  ring.  on  the  surface  of  the  ring  should  not  have  a  tendency  t» 
separule  from  it;  and  that,  supposing  this  surface  to  b^ 
fluid,  it  shovid  preserve  itself  by  the  different  foices  witlf 
which  it  in  actuated.  Without  this  the  continual  etfort  of 
its  particles  would  uliiiuately  detach  them,  and  the  ring 
would  he  destroyed,  like  all  those  works  of  nature,  whicb 
have  not  in  themselves  a  cause  of  stability  ubie  to  resist  the 
action  of  the  forces  that  operate  agaJnat  it.  In  the  third 
book  of  my  Mccaniqut  cHette  I  have  proved,  that  thia  con- 
dition can  be  fulfilleil  only  by  a  rapid  rotary  motion  of  the 
rijig  in  its  plane,  and  round  its  centre,  still  a  little  distant 
from  that  of  Saturn,  I  have  likewise  shown,  that  the  sec- 
tion of  the  ring  by  a  plane  perpendicular  tu  its  own,  and 
passing  through  iti  centre,  is  en  ellipsis  elongated  toward 

>ndli~iaa.        "^^  second  condition  regards  the  suspension  of  the  ring 

j^  round  Saturn.      A  hollow  sphere,  and  generally  a  hollow  el- 

ibtium  of  lipsoid,  the  inner  and  outer  serrices  of  which  were  similar 

'""  and  concentric,  would  be  in  equilibrio  round  Saturn,  what^iA 

ever  point  of  the  concavity  were  occupied  bv  the  centre  of 

the   planet.      But  this  equilibrium    would    be   indifferent', 

that  is,  if  disturbed,  it  would  have  do  tendency  either  Iq 

•  J*u,iul  de  Pliftique,  vol.  UCIX,  p.S4l. 
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TFsumc  its  original  itnte,  or  to  depart  front  It:  consrciuentlj 
'  the  stlglitevt  cause,  ai)ch  na  the  action  of  a  satellite,  or  of  a 
comet,'  would  be  sufficient  to  precipitate  the  ellipnoid  on 
the  planet. 

The  indifferent  e<iuilibrium,  which  would  take  place  for  atiusnaihoM 
hoUovr  sphere  eiivclopin^  SuturUi  doe«  not  exist  for  a  circu-  *''*■  f«f»fdt» 
lar  xoae  surrounding  the  planet.     I  hnve  iihawn,  in  the  book*  """' 
above  qnoied,  that,  if  the  two  centre*  of  a  circular  tiag  Knd 
the  planet  did  not  coincide,   they  would  repel   each   otheTi 
and  the  ring  would  ultimately  fall  upon  Saturn.    The  same 
thing  would  l»ke  place,  whatever  the  nature  of  the  ring 
might  be.  if  it  were  without  a  rotary  motion,     Boi  if  we 
conceivE,  that  it  is  not  !.imilBr  in  all  its  parts,  bo  that  its 
centre  of  grarity  does  not  coincide  with  the  centre  of  ila 
figure ;  and  if  we  farther  suppose,  that  it  haa  a  rapid  rotary 
Bioliou  in  its  own  plane ;  its  centre  of  gravity  itself  will  turn 
round  the  centre  of  Saturn,  and  );ravitate  toward  thit  point 
as  a  mtellite,  with  this  difference,  that  it  can  move  in  the 
interior  of  the  planet.     Tlius  it  will  possess  a  stable  motion. 

Accordingly  the  two  conditions  I  have  mentioned  concur  Tlierini 
tosbow,  that  the  ring  turns  in  its  plnne,  on  its    own  axis, 'l>enfuie  l»* 
and  with  rapidiiy.     The  time  of  its  rutiition  must  be  nearly  ^«ta^"""' 
that  of  the  revolntion  of  a  sntclltie  moving  ronnd  Snturu  at 
the  name  distance  with  the  ring;  and  thia  time  is  about  lU 
■exajjeiimal  hours  and  a  half.     Mr.  Herschel  has  confirmed 
this  Teault  by  his  observations.     But  how  can  we  reconcile  Tliis  upparvrd* 
these  observations,  and  this  theory,  with  the  ohservatioDB  of 'r  'ncoi'*''" 
Mr.  Scliroeler,  in  which  certain  points uf  the  ring,  more  1u-  onar^  ipou 
iniiioui  than  the  rest,  hnve  appeared  a  long  time  btationary  ?  2'".,*'"^  ^ 
I  coucCTve  it  may  be  done  in  the  following  manner. 

The  ring  of  Snturn  \h  composed  of  several  concentric  Aticniptioi 
ring*.  Powerful  teleicopes  show  two  very  distinctly,  which  *^"'" '" 
are  confounded  toj^ther  by  Iradintion  in  weak  telescopea. 
It  is  reiy  probable,  that  each  of  these  rings  is  ilselfformed 
of  several,  «o  that  the  whole  may  be  considered  a*  an  a^tem- 
bla^re  of  vurious  concentric  rings.  Such  wtiuld  be  the  ag- 
gregate of  the  orbits  of  the  satellites  of  Jupiter,  if  each  left 
behind  a  permanent  light  in  its  path.  The  teparate  rings, 
like  these  orbits,  must  be  variously  inclined  to  the  equator 
«f  the  planet :  and  then  their  iiiclinatrons  and  the  petition 
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of  t}tf^^,pO^«a  •umld  chaage,  in  lon^r  or  khortcr  petiodfa 
ihit  w«uld  e^ibrace,  «veisl  }'««■>  Th^ir  ceplrei  mua 
cqvalljp  oKTiIlate  rotttxl  (hut  «f  SatiiTO,  av*'  'hc»e  circuia- 
sUiiMii  lagelti*^  tuuft  1  l«it(rtti  uller  ttic  api)aient  figuM 
of  liienTi^  as  *  whole.  Their  t«tary  ototiuii  doe*  ool 
pucfptiblji  <Hi«»ge  t&ia  figure,  tmct  it  only  replaces  one 
laaiioou*  [Kirt  by  an«th«r  in  tbe  Mme  plane.  It  is  TCty 
{trobable  thatUie  pheiMmeiu  observed  bv  Mr.  Sctiroetuare 
awing  to  vshaXiooa  «f  this  kind.  Uut  tf  a  point  more  or 
leas  liuoinoiis  thaa  the  kbI  adhere  to  the  surface  of  one  of 
the  separate  nnga,  this  point  kuU  move  as  ropidiy  «s  the 
ring,  ^d  appear  (o  change  its  position  in  a  few  hourh 
yie  ni%y  pr«&iiroe  with  much  pmbability,  th^t  it  was  a 
ffovDt  of  this  nature,  nbii^^h  Herschel  obecrTcd. 

i  w^ulJ  iqvite  iliote  observers,  who  have  powerful  tele- 
icapes  ta,  examine  the  appeiiran<<;  of  Saturn's  ring  with 

,.  this  vi^w.  The  varietj  af  these  AppearanceD  greatly  puz- 
sVed  gcometriciaiia  nod  uslronomers,  (ill  Huygbeaii  found 
«i^t  theli  oiuse.  The  riag  at  first  exhibited  it«eif  to  Galileo 
QSidcr  t^e  fwrm  of  two  small  appendages  adhering  to  the 
body  of  Saturn:  and  Deanrtee,  xho  had  an  unfortunate 
propensity  far  cxplaintng  every  thin;;  (ii  his  Principles 
af  Philoflaphj,  ascribes,  iu  the  third  part  of  that  work,  die 
^tAttOQBTy  state  of  these  suppo^d  satellites  to  ijuturn's  al- 
ways presentirig  the  sunoe  face  to  the  centre  of  his  vortices. 
We  Dovf  !(»ow,  tbut  this  at^te  is  repugnant  to  (he  law  of 
,uiiiverBal  gravitation;  and  this  reason  would  be  sufficient, 
to  induce  »*  to  reject  the  ex^ilsiuition  of  De>«iirtes,  even  if 
tre  did  Dot  know  the  cuune  of  theHe  appearances,  J  do  not 
believe,  that  the  ring  is  iniinavable,  though  tills  would  be 
iets  inonslsteDt  with  that  grand  law  of  nature;  and  1  have 
no  doubt  that  farther  ohiieri'utioDs ;  made  with  the  view  I 
baKJust  mentioned;  will  contiDe  the  results  of  the  thcDtr, 

^iid  the  observations  of  Uerscbd.  .    ,  j 
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ktie  J^ntsofStiTtlinia:   hi/ lh<  Cotln/ Ds  VaroA*,  Prr- 

sident  of  the  Italian  Atad,emy,  ^c'  ,  ^, 

HE  district  of  Barbagiu  and  the  province  of  OgliMtto  priniitiTe 
■K  composed  or  granitic  mountains,  which  exlend  io   ihe  oiouji'ain)  ot 
form  oX  umphitUeatres  from  the  »eaHh»re  to  ihfi  auvn(itof     '  ""*' 
Cocruhoi.     Thene  rtiatrit-ts  display  to  the  mineralogisl  a  v^t 
and  instructive  study  uf  primitive  raoutilains. 

Other  chuins  are  of  setondury  formation,  and  their  rami-  Secondary 
ficatioDi  travcric  the    island  in   different  direcliont.     At  """*"'*io^ 
every  st«p  they  exhihit  phenomena,  which  cannot  but  throw 
much  light  on  g«tila^. 

La«tty,  many  volcanic  prnduclions  are  found  in  the  *i-  VoleinU  pto- 
ctoity  of  Guisos,  Santn  Cathiirina  de  Pitturni  in  the  territory  duciioBi. 
of  Cuglien,  andijiiK  l.itiiurgiu. 

B^ut  vhet  purticularly  deserves  atteo^on  ii  the  great  ^ 
Bumber  of  metalUc  vein*,  which  aie  seen  every  where,  iu 
great  pcofusion..  AH  the  historiuni  of  Sardieia  have  apoteu 
of  this  abundaiicit  <if  metallic  ores,  They  were  known  frovi 
the  remoleat  antiquity,  for  the  remains  of  the  labors  of 
the  Carlhugimani  and  Komoue  ifi  workiug.  thcio  are  k^till 
to  be  seen. 

Formerly,  no  doubt,  gold  mines  were  worked  in  the  Q^]4g,^^ 
istand,  Vmce  one  of  the  interior  provinces  still  bnrs.the 
name  of  the  Gold  Country  ;  but  none  are  now  known  there. 

Silv«r  roioes  abound  morr  or  lets  ii>  almost  all  the  pro-  silver  minBt. 
vinres.     The  mountain  of  Ar^enttera  de  Nurra   exhibits 
anottier   vdr^-  distinct  vein,     nrarly  ■  mile  lon^.      This 
vein  is  of  gray  silver  ore :   itai  j;aiijiue  is  bnryles.     The  vi- 
cinity of  the  sea,  and'  ubuiidahC):  "f  annA  in  this  part,  arc 
deserving  isti«ei>an.     Horitii'rlverij  found  in  seveMT  placn, 
n  «t  Sarnbus.     Nwiivc  silver  to»  occurs,  at  near  tho'bndge 
ef  San  Niooiss,  tnixed  nidi  vitrtous  or  sulphuretted  silver. 
All  the  lead  minei.  too  contein  mnre  or  teas  silver.     There  gi|„,  ^^^^ 
alKMiAetlcaf  the  fiver  fMh^orv  at  Sarabas,  which  yield  as  wiiblasO. 
Mtutb  as  »gbt  or  nine  ounces  in   the  hundred  weight. 


Othera 


Coal, 


tUMEl   OF   SARDINIA' 

Olheri  contain  but  one,  two,  or  three  o«nees. 
nout  celebrated  of  xU  is  in  th«  district  of  Tulana,  which  is 
3«id  to  jield  seventy  per  cent  of  pure  silver.  Thi*  belong! 
to  several  private  persona,  who  work  it  in  secret. 
,  Copper  mines  are  tolerably  abundant  in  Sardtnis.  Tht 
copper  it  generally  in  the  form  of  pyritei.  In  the  distrist 
of  Siiila  arc  very  beautiful  malachites, 

Surdinia  contains  a  large  quantity  of  mines  of  excelleRt 
iron:  but  the  most  consideruble  is  that  of  Anana,  whlcB 
contains  a  magnetic  iron  of  superior  quality.  There  it 
another  mine  of  magnetic  iron  in  a  mountain  of  porphyry 
at  Trulnda. 

Lead  miner  abound  in  Sardinia,  and  all  contain  Bome  potw 
lion  of  silver.  The  most  considerable  is  that  of  Montepoitf 
near  Igletias.  It  yields  60  or  64  per  cent  of  pure  metsl 
The  lead  mines  of  Sarabus  are  not  k-ss  interesting. 

Blende  or  sulphuret  of  nine,  occurs  mixed  with  galena. 
-  On  repairing  the  buildings  of  a  convent  at  Oristooo,  na- 
tive mercury  was  found  in  a  bed  of  clay.  Some  persons  mt 
toOi  that  ttntive  mercury  was  found  on  repairing  the  publu 
prisons.  Chaptal  speaks  of  some  having  been  found  ioS 
bed  of  clay  on  digging  for  the  foundation  of  some  buildiufl 
at  Montpellier.  '" 

There  are  a  number  of  mines  of  antimony  at  Bsllaod, 
and  at  Escala  Pinna. 

A  mine  of  manganeie  has  been  discovered  at  San  Pietro. 

Coal  has  bftn  found  at  Tanara  near  Forni,  and  at  Oaf-' 


Analj/m  o/varioitt  Minerab,  by  Mr.  Klapboh^*  <>i 
Black  eryttalHxed  augite  of  Ftascitti.         <;   '  ' ' 

fUf  NE  of  the  principal  varieties  of  augite  is  that  found 
fine  blat,-^  crystals  in  flsaurea  in  the  Latian  moantains,  n( 
Romet    particularly    near  Frascati,     and  formerly  cal!c4: 
black  volcanic  schocrl. 

Ite  figure  is  commonly  a  hexaedral  prigm,  bevelled  at  tb« 
extremities,  the  two  faces  of  the  bevel  answering  to  tbi 

*al.  LXVII,  p.  m,  tte, 
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Inlerat  edges  or  the  pri'm  f.  Mr.  Hntiy  has  deacribed  this 
tpprics  onder  the  name  of  pyrome,  the  chief  varieties  of 
which  are  Ihe  bitunilaire  utnl  the  inunifotre. 

The  KurFuce  of  thexe  crystals  is  tmooth,  sometimes  shin- 
ing, at  other  times  only  partly  so.  loteiiorly  they  have  a 
very  glassy  lustre. 

They  «re  b»td,  easily  broken,  and  their  fracture  perfectly 
CODchoidat.  When  rubbiii  to  |)owd«r  their  colour  i«  ■  green- 
ish gray. 

Their  ipecilic  gravity  is  3'4- 

Before  the  blowpipe,  on  charcoal  kept  at  a  red  heat,  the  Ti»n-d  with 
Bugles  and  cdgei  ultimately  become  roundeJ.  '    """P'r^ 

A  a.  A  hundred  grains,  reduced  to  an  impalpable  ponder,  Aiuljiis. 
werehcAted  red  hot  with  twice  their  weight  of  caustic  potash. 
Tbc  matter  did  Dot  enter  iuto  fusion.  It  was  of  a  bruwn 
colour,  and  gave  a  Glr(;hl  green  linge  to  the  water,  with  which 
it  was  dilated.  On  sujiersatu rating  the  liquor  with  mu- 
riatic acid,  a  complete  solution  was  obtained.  On  evapor- 
uliog  to  dryness,  and  reUisbolving  in  »atcr,  the  silex  was  ^g,^ 
separated.  After  being  heated  red  hot,  it  weighed  4Sgrains. 

6.     The  solution  wan  precipitated  by  ammonia:  and  tli« 
Ifrowii  precipittile,  while  still  wet,    was  boiled  in  a  caustic 
lixivium.     The  alkciUue  liquor,  mixed  with  tuuhale  of  am-  Alumina 
Bionia,  let  fall  ulumiite,  the  weight  of  which,  when  purified, 
was  5  grains. 

IT.     The  brown  residiuum  nasdiiisolved  in  nitric  acid,  the  Oiidcof;i»^ 
.(olutioQ  diluted  with  a  great  deal  oFwater,  und  carbonate  of 
•uda  added.     The  oxide  of  iron  pveeipitnted,  and  hented  red 
hoi,  weighed  1^  gruins. 

d.  Tlie  Boperoalant  liquor  was  decomposed  at  a  Loiliot;  OxmIc sf  nur 
heat  by  carbonate  nf  sodo.     The  preciiiitate  obtained,  aod  i"**- 
heated  red  hot,  weighed  )0{  grains.     It  hsd  assumed  u  red- 
diah  colour.     Being  di^olved  in  nitric  Dcid,  it  left  behind 
oxide  qf  manganene,  wei^jhlng  one  grain  after  calcination. 

«.  As  the  nilnc  solittiou  appeared  to  contain  mngnetia  and 
lime,  oxaUte  of  potash  was  poureil  in,  till  mo  further  preci- 
Ipitote  ensued.     The  oxalate  of  lime,  collected  and  heated  ^j^^p, 

tTb«  places  of  lh«*c  l«o  Filgfs  u*  nccupii-d  by  Inprwldal  fWrcU 
a  the  inw^iu.-ji  vstiflt)',  tbc  priuQ  uf  wliieh  hss  eisUi  biJn  iaslend  oC 
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red'liot,  yielded  ij  grains  of  lime.     The  nemBining  lirjnoi^r  ] 
being  deuomposed  by  carbonate  of  Kode,  yielded  5  grains  of 
calcined  maguesia.  ' 

f.  The  muriatic  solution,  decomposed  by  ftnunooia  in  ex* 
]>eriRiei)t  b  was  precipiuied  boiling  by  caibonMe  of  sodaJ 
Thi-  precipitate  washed  and  dried  weighed  Ai\  grains.  ThU 
was  tieutrsliied  by  sulphuric  ueid,  and  evapoiutt'd  to  dry- 
neiis.  The  hardened  maes  whs  triturated  and  lixiviate<I 
gradually  nlth  a  little  water,  Tiie  solution  being  evHpo* 
rated,  lefl  sulphate  of  mtignesia,  wlikh  was  decomposed 
by  carbonate  of  soda,  and  9  gruins  of  carbonate  of  magnesia 
vere  obtained.  These,  lieii'i^  deducted  from  the  44f  of  ihe 
first  precipitate,  left  for  the  carbonate  of  lime  35^  grains, 
which  amount  to  igj  of  lime.  The  9  grams  of  carbonate  of 
magnesia  being  heatedred  hot,  3i  grains  of  magnesia  were 
obtained. 

B.  Eighty  grains  of  this  stone  reduced  to  an  impalpable 
powder  were  hviited  red  hot  with  an  ounce  of  nitrate  of 
barytes.  The  calcined  matter  was  triturated  with  boiling^ 
water,  dissolved  in  muriatic  acid,  and  then  precipitated  bj* 
eiirbonste  of  ammonia.  The  filtered  liquor  was  evaporated 
lo  dryness,  and  the  salt  volatilized  in  a  piutina  crucible. 
Au  earthy  salt  remained,  which  was  redi>.solved  in  water,' 
and  decomposed  by  carbonate  of  ammonia.  The  filtered 
liquor  was  evaporated  anew,  and  the  s»lt  volatilized  by  beat; 
A  slight  trace  of  muriatic  neutral  salt  reoiaiiird,  which  was 
found  to  be  muriate  of  potash,  by  its  formiDg  a  few  grains 
of  a  triple  salt  with  a  eolutioii  of  platiua. 

A  huudied  parts  of  augite  of  Frascati  therefore  contaiD 

Silex A« 48 

Lime ..e...-  4"S    \  „. 

""«""'^ y.\v.t,^ «-^=    ■ 

Alumine 6 5 

Guide  of  iron e IS 

Oxidcof  Manganese* -el • ....    I 

potash*... B  a  trace 


I 


I 


Thi*  »n*TjeiB  nrarty  »Rren>,  fcMli  in  Ibr  tis1ur«  of  llie  pom-  FyrexcneboiB 
)i>ciit  parts  WW*  '**  ill*'''  pTOportioto,  with  thai  vbtcli  Mr.  '^"'' 

Viiiiqotrttn   has  given  »r  the  cr}'8t»Uued  bUck  augite  el 

Etoa ;  itt  nhkb  be  loaad 

8i*» ,  ...  B4 

Hm*'' 13'30 

AlumiD« 3-33 

MagDoift 10 

Oxicie«fir«D 14.66 

manganese  ..• •■••     2 

95-19 

Hence  we  inaf  censideir  iheie  two  »lc>nM  as  on«  variety, 
(hcu)jb  the  qusntitim  of  bine  nnil  alumine  ate  less  in  ibat 
v(  Etna,  and  ibow  «f  the  other  voiapoucbt  (lart*  ou  the 
Mnirary  greater, 

Aau/yM  of  Mtfaniie. 

Another  stone  is  mei  with  at  Frascati,  and  at  Alhano,  gi^^^f^ 
ueur  Rome,  which  >t  found  in  single  detached  crjalaU,  and 
has  hcen  called  black  garnet. 

lit  form  is  that  if  the  emur^ioated  garnet  of  Haiiy.     By  Dcteiibcd. 
trituration  it  yield  a  □  brownish  gray  «r  dlarVr-b  ( owder. 
Iia  specific  gravity  is  37.     When  hmled  red  hoi  in  a  cru-  y^ojormf  fa 
cible  it  underijoeti  no  observable  change  ;  but  before  thrcaii. 
blowpipe  it  toaado  gradnully  into  a  globule. 

It  is  UDiiecesBary  to  gire  the  analysis  to  detail,  as  it  was 
roDducted  like  the  preceding,  except  that  the  oxtde  of  iron 
was  precipitated  by  aiiccinale  of  ammonia,  and  the  followii^ 
■lelhod  was  pursued  f(ir  detecii'g  a  fixed  aikali. 

Sixty  f^na  were  dpfomposed  hy  muriatic  scid  ;  but  this 
nasnnt  effected  completely  till  after  seversl  repeated  diges-  lotalksli. 
lion«.  After  feparating  the  Kilex,  the  auluiion  was  deeom- 
|wwed  by  mrlomile  of  ammonii.  The  ammontacal  liquor 
was  crapornted  to  drynera,  the  fe*idi)utn  reHissotved  in  water 
mixed  «ilh  rarbniinte  of  ammnnia,  filtered,  and  evaporated 
The  sail,  Tnlntilii'.ed  i>i  a  ptutina  crucible,  did  not 
in  iM  least  trace  of  a  fixed  alkaline  salt. 

The 


152 


CompoDent 

parts. 


Bohemian 


8TAUR0LITE. 

m 
4 

The  componeut  paits  of  the  melanite  were  found  to  be 

Silex ..-*.. .35*5 

Lime • 33*5 

AluTDine  •  •  •  f  t 6 

Oxide  of  iroo  •  •  •  •  • 94*25 

■  Pianganese  ••••••, o*4 

08-65 

This  analysis  agrees  very  closely  with  that  of  Vauquelin. 
The  melanite  dififers  greatly  therefore  from  augUe,  and  par- 
ticnlarly  in  containing  no  magnesia. 

In  a  note  Mr.  Klaprotb  obserres,  that  his  analysis  of  the 
Bohemian  garnet,  now  called  pircpt  has  been  given  in  se- 
veral French  works  as  his  analysis  of  the  melanite ;  and  he 
has  found,  since  the  publication  of  the  9d  |olume  of  his 
Essays,  that  about  2  per  cent  of  chromic  acid  should  be 
added  to  the  component  parts  of  the  Bohemian  garnet  as 
there  given. 


Cradform 
sdioeffU 

Red. 


Brown. 


Ihkk. 


Analysis  of  the  siauroHte  [stauroiide  ofHauy). 

Mr*  Klaprotb  has  analysed  two  varieties,  one  red  the 
other  blacky  both  from  St.  Gothard. 

Th|e  proximity  of  the  red  staurolite  to  the  cyanite  is  very 
remarkable.  These  two  substances  are  frequently  crystal- 
lized together,  so  as  apparently  to  fonn  but  one  stone. 
When  this  is  the  case,  the  staurolite  becomes  a  little  trans- 
lucid  at  the  end  of  the  prism. 

The  brown  staurolite  of  Quimper,  in  the  department  of 
Morbihan,  as  well  as  that  of  Finistere,  in  France,  serves  as 
a  connecting  link  between  the  black  and  red  varieties.  In 
this  country  conjoined  crystals  are  much  more  common 
than  single  ones ;  and  they  commonly  cross  each  other  at 
right  or  at  oblique  angles  (the  staurotide  rectanguUire  and 
ohHquangle  of  Haiiy).  Frequently  the  crystals  joined  to- 
gether are  of  the  same  size;  but  often  one  is  smaller  than 
the  other,  and  seems  implanted  in  the  larger. 

The  specific  gn^vity  of  the  black  staurqlite  was  3*51.    It 

experienced 


HYPEKSTBN.  )53 

experienced  no  change  of  colour,  weight,  or  figure,  by 
calcinatMHi.    Its  component  parts  were 

Silez 37-5  -      Compo^^ 

-^l«m»ne 41  Waclc, 

Oxide  of  iron 18*25 

Magnesia •  •  •  o*5 

Oxide  of  Manganese  •  •  0*5 


97*75 

The  specific  gravity  of  the  red  staurolite  was  3*765.    Its 
component  parts 

Silex 37  of  the  rdL 

Alumine   « 52*25 

Oxide  of  iron 18*5 

maDganese   ••••  0*25 

P8 

Anafysis  qfkyperslenf  called  Labrador  hornblende. 

Mr.  Haiiy  was  the  first  who  distinguished  this  stone  from  Labrador. 
hornblende.     He  had  classed  it  with  the  metalloid  diallage,  hombtend^ 
or  our  bronzite;  but  he  has  lately  shown,  that  it  differs 
both  from  hornblende,  and  from  the  diallage,  or  smarag* 
dite.    He  designates  it  uoder  the  name  of  metalloid  reddish 
brown  lamellar  hypersten. 

Its  specific  gravity  I  find  to  be  3*39.     Before  the  blow-  Spec  grair. 
pipe  it  is  infusible,  but  its  semimetal1i<r  lustre  is  turned  ^^!^^ 
blackish.     If  exposed  to  a  red  heat  after  trituration,  the 
powder,  which  was  of  a  deep  ashen  gray,  acquires  a  brown  '** 

red  colour,  and  loses  one  per  cent  of  its  weight. 
The  results  of  its  analysis  were  'Compbne/it 

^    Silex    54*25'  P*'*- 

'  Magnesia 14 

Alumine 2*25 

Lime • . .  •  1  -5 

Oxide  of  iron •  •  -24*5 

Water 1 

Oxide  of  manganese^  atrace 

97-5 

AnaiysU 


1511  REBtrtsH  TotriafAtrir. 

■  ■  ■  ■ 

Anmfysis  &f  the  sfangenaitm  <yf  Alienburg  {pjreniUpfHituj^}, 

^TMrtclioerl      ^^  ^^^    stone  has  b^c^il   fe^bl^ '  fth6«rUtke  ber)*!,  Mr. 

•r  Aimers*  Klaproth  examined  it  f6r  ^1A^?Iief,  after  "Ais  earth  had  beei> 
discoTered  in  the  berjrl  Wad  etnerald  by  VaoqueTm  ,*  hot  he 
eonid  lYot  find  the  \^A^  fntb'of  it*  He  had  formerh*  ob* 
ferred  the  ^reat  diflfefence  between  it  a-nd  b^vl,  when  they 
were  exposed  tb  the  heat  of  a  porcelain  oven;  a»  th';^  stone 
lest  twenty-five  per  cent,  and  the  beryl  but  one»  TWts  led 
Mm  to.coDelndc»  hi  1800,  that  it  centamed  the  samv  Yola^ 
tile  matter  as  the  topaz.  Mr.  Bucholz^  apparently  without 
knowing  this  had  l>een  mentioned  by  Mi'»  Klaproth,  found 

it  to  be  the  fact ;  which  was  afterward  confirmed  by  Vaur 

■      .■.■■.■■  .  . 

quelin*    Mr.  Klapro^^*  having  since  aoalysed  it  with  gre«^ 
care,,  obtained  tbe  following  results^ 

Cbraponcttt  Srfex 43 

**  ^lumine »4d*5 

Oxide  of  iron •  1 

Fluoric  acid 4 

Water 1 

Lois i 1*5 

100 

Allied  to  the        Tins  analysis  shows,  that  it  is  nearly  allied  to  the  topa?. 
top^z.  Xhe  3'3  per  cent  of  lime  found  by  Mr.  Vauqoelin  are  sup- 

TauqtMlin.  posed  by  Mr.  Vauquelin  himscif>  to  have  been  owing  to 
the  impurity  of  his  specimen. 


Keddi^h 

MonTiin 

soaiiualiu. 


Analysis  of  the  reddish  tourmalin  ofMoravia* 

This  tourmaliu  \9  found  in  the  mountnio  Hradislco,  near 
Rorznn,  imbedded  in  a  compact  whitish  gray  quartz,  or  in 
lepidolite.  H  in  in  llie  form  of  prisms,  or  needles,  of  a 
peach- blossom  colour,  which  ver^s  in  several  parts  to 
greenish,  yellow,  and  gray  white.  As  it  is  m«.-t  with  imme- 
diately under  lepuio^itc,  it  has  bten  taken  for  lepidolite 
crystallized;  and  it  is  nnder  this  name  that  Estren  has 
given  a  very  minute  description  of  it,  to  which  I  refer  the 
jre%der.    By  some  prelimiuary  trials  it  was  soon  found,  that 


I  itone  wai  not  a  lepidolile;  -and  it  wm  then  classed  with 

•  (chocflacMiui,  beryl,  or  Man^iutlfii.     Mr,  Ha'ay  fAivtd 

t  with  the  red  t<Fhotrl  of  Siberia,  or  «ib>tfite,  with  much 

[more  reason,  be  will  a|ipeBr  by  the  following  anulyri;:  uiid 

|ie  even  cUhm^cJ  it  among  tbo  tourmalin*,  because  ita  cryi- 

Ms  have  the  jiroperty  of  attracting  nod  repcUiii»  li^lit  sub- 

tances,  when  they  afe  heated.     As  it  is  not  ruiilile  liketlip 

■4ouTmahD   however,    he    dtslingoished    it  by  the  epitltet 

rapfroat. 

■  The  specific  gravity  of  the  crystals  detached  from  tbe'Sp"*- 1«»- 
Hloartz  varies,  according  ae  they  are  more  or  less  old,  from 
|8'96  to  3-02. 

It8  componeDt  partB  are 

Siluc  •• 43-S  •     Compoowt    • 

AluiniiK    43-25  •""■• 

Oxide  of  Manganese  •  •  ■  •   1-5 

LilDC 0-1 

Soda 9 

Water    I'23 

97-6 
Loss   2-4 

100 

ft.  The  component  parts  of  this  •(<>»£  tfaerefarei  and  thdr  Rubtltite 
roportioDB,  completely  jnstiry  Mr.  Haiiy,  even  in  a  chemi-  ii>«''a*l'''e. 
»1  view,  for  classitig  it  with  the  siberite,  or  apyrous  tour- 
kalia;  since,  from  a  recent  analyait  of  ibe  latter  by  Mr. 
■Vauqtielin,  it  is  composed  of 

Silex «  Cnmponcni 

Alumine    40  I""*- 

Oxide  of  toanganeae,  « little 

rermgioous,  ■• 7 

Soda 10 


fTo  be  emiiiuud.J 


14$  €VM,%  Ctf  T8&  FOQLTMT  IN  SHBBF. 

MbfW  qf  curing  the  Fooirot  (ii  M#«p«    i?y  jtfr.  Richae» 


T, 


SIR, 


H£  eocloMed  U  the  recipe  fer  the  cure  of  the  footrot  in 
vst^cept  certified  by  the  per»OD  who  was  my  ahephecd  at  the 
tkfW  I  pu.(  the  oiethod  iota  pr?cti«ei. 

I  amy  Sir«  your  very  obedient  sertanti^ 
l%E[arJbfd  Place,  Walworth^  IC  PARKINSON*. 

4prit6,  19Q7. 

!fb  XSu  the  Foot  Rot  in  Sheep  in  iJW  bfst  and  most  effectual 

Manner* 

fhNplkMrUM^        In  sheep  thus  affected,  pare  their  hoofs,  leaving  do  hoI« 
SS,'^* "         low  to  hold  dfrt;  if  there  be  matter  forniedt  be  particularly 
careful  to  let  it  out;  after  which,  take  soiue  stale  urine  and 
wat»h  their  feet  clean  from  dirt,  and  wipe  them  with  a 
apojxf>e ;  then  put  the  sheep  into  a  house  op  shed,  the  floor 
of  which  has  been  previoosly  spread  about  two  inches  thick 
with  q|Uick  lime,^  reduced  to  powder  by  a  small  quantity  of 
^ater^    The  fresher  the  lime  is  from  the  kiln  the  better. 
l«t  the  sheep  stand  upon  it  fbr  six  or  seven  hours,  and  the 
cure  will  be  effeqted* 
ToninMajf  g?       j^  certi6cate,  dated  March  27,  1807,  from  Joseph  Pun* 
TfKWW&.\       n?n^oo,  stated  his  being  shepherd  to  Mr.  Parkinson,  at  Slane 
TD  Ireland,  in  the  year  1803,  and  that  he  then  witnessed  the 
efficacy  of  the  above  remedy  on  a  hirge  flock  of  sheep. 

Farther  certiBcates  from  the  Earl  of  Conyngham,  froai  Mr» 
Stephen  Parkinson,  and  from  Joseph  Preuton,  shepherd  to 
Mr.  John  Parkinson  of  So|ipgbroke|  confirmed  the  above 
statement. 

— :-  —  -  ■       .  »■  ■  ■  J.  .     n       >        .-   ==^ 

XUI, 

On  the  Use  oftheltalran  Poplar forsi^rporting  t^Vine  and  Hop'f. 

fopW^wed      JIt  is  well  known,  that  in  Italy  the  poplar  is  employed  as 
fA  wpi>ort  the  ^  support  to  the  vine.    When  thus  used,  it  is  frequently 

•  Tran».  of  the  Soc.  oC  A,ns,^t.  XlCyil,  iv  12C.  The  tilver  medal 
of  the  Society  was  voted  to  Mr.  Parkinson. 

\  Sonohii's  BtbLiotheque  Pbjncq-ecoa.  Not.  1808,  p.  3  VI* 

lopped* 


AtlALTHS  or  T4tB«IAM   M>ef.  {ff 

Pepped)  tbkt  ib  braiichra  may  not  spread  so  ai  to  be  iHJiink 

Mr.  Hubert,  cuuDsieller  of  the  WVcnicb  of  {phofeot  mnrithttidp'. 
FiBnconia,  s&ya,  in  a  paper  on  the  i^uUivation  aitd  um;  of 
ttie  poplar,  ihm  Jl  rnuy  be  planted  to  tiup|mtt  the  hopv  »imI 
OFOultl  be  an  udFtintKgeoua  Butistttuie  Tor  llie  poles  utuatly 
eruployed,  whkh  oci-usioii  s  cnnsidi-iable  todauaiption  of 

The  popltir,  pnrftculurly  the  Curalioo,  popuAtt  oHgnhlm,  C«ir»)<mM^ 
grew*  in  ibt  poutest  soil,  its  lenvei  «re  good  food  for  <viile,  '^'-'* 
and  its  wood  is  Employed  for  varioiis  purpo^eh  Moch 
would  be  Mved  ther^ton?  by  employing  it  io  our  hop*- 
grounds.  We  may  presume  it  would  not  deprive  the  ho(i 
vf  its  Dnlrinient;  nud  its  Itnves,  after  having  obeltered  the 
hop  from  injurious  «iiids,  would  serve  as  manun:  whea  they 
fell. 

Ei«ry  species  of  pnplnr  doe«  not  appear  to  tie  equally  but  perhipi 
•ell  adapted  to  the  support  of  the  hop.    The  Italiaa  pop-  J^y^'°"  "^ 
lur,    jMpb/Hf  Jaitigiala,     perhaps    detcrves  a  preference. 
Beside  its  growth  being  very  rapid,  as  it  atiaiiM  (be  height  Iti  •d>jnt«|««' 
of  60  or  70  feet  in  20  years,  its  braoches  flo  not  spread  so 
roach  a*  those  of  other  species.    If  bai  ked  a  Iwelveoionth 
before  it  is  felted,  or  indeed  when  cDt  down  if  it  be  at  the 
time  the  sap  is  ribing,  its  wood  acquires  great  harduesc,  and  Woodi 
it    it  not  liable  tu  be  injured  by  the  worm.     As  fuel  indeed 
it!  .quality  is   but  indillerent,    as  it  doe^  not  sflbid  much 
bent. 

XIV. 
Analjftis  of  the  Itml  0/ I'aterian :  bt/  Mr,  TroMmsdobPf*. 


Th 


„  HE  root  of  valerian,  ra/eri«nuojprirtt]/;jZ,.,  loses  0-?S  by  Vilnhiinjot 
drying,  Twelre  pounds  of  the  dried,  or  48  of  the  fresh  root,  di.ini;, 
distilled  with    nater,   yield  <2   ounces   of  volatile  oil.     This  »*i>t'sl  o"> 
oil  is  very  fluid,  nnd  of  a  greenish  catt.     Its  smell  is  stroo^, 
penetrating,  and  more  cnmphory  than  thatoftbe  root.     Its 
•pec.  grav.,  at  20°  R.  [77'  F.].  is  0-934,     lis  taste  is  aroma* 
tic,  uid  camphorr,  but  not  burning.     The  action  of  light 
•  AqiuIm  <]«  Cliioi'H-,  Tdl.  I.XX,  p.  B». 


XttJAYW  OF  TA  LERtAM  RtMK 
Mrnsit  f  diow.     Nitric  acid  docj  nM  inflame  ir,  but  eoi^  1 


oilortlerous  resin, 


Md:«'bttter)rt?llowsutKt8nce.     It'a  I 

acid  be  employed,  crvatallised  cxidio 

TbcvkpreMctl  juice  tt  the  frtah  m 


odo- 


Tirerous,  ivnd  lit»  fall  a  little  Tt^iila.     Caloric  separates  froia 

it  a  littl««lbiiTneo.    'llie  tittered  juice  coatuins  neithet  gat 

lie  aciti,  nor  tuiitiin,  nor  common  e-'ttraclive  mutter,  but  i 

WcuUr  Prrtx  peculwr  principle,  soluble  in  WHter.     This  principle  is  inso 

"P'^  luMc  if* Ctbeft  and  id  rectified  apirit:  it  forms  precipitatei 

«i*li  the  wtlnble  aulta  of  lead,  tilver.  merciirj,  and  antimftny 

fcutit  doea  n(d  precipitate  sulphate  of  iruu,  or  aolution  vf 

«lam. 

M«ft(wlj.fnb..     TBobtiin  tbiBprbieiple3ep«raIe,tIiefiUCTedjuiceis  tobe 

Hparate,  pi«Ci)»tale<l<  bjr  acelMte  of  loud.     The  prcuipitale  being  tiritt 

well  washed,  is  to  be  dillViM?!)  in  distilled  water,  and  sulphii- 

relttod  hrdrogen  gas  ptsted  it^ncugh  it,  till  the  wbolf  of  the 

Toetul  in -aopa rated.     The.  liijour  is  then  tD  be  filtered,  aitd 

ttie  hidragen  ^»  volaHlmd.  bj)  ebullition.     The  lolution  is 

then  to-  be  eraportted  tftdnynvea.-on  a  water  both. 

'    Gnmmj  ci-         The  m  pressed' jo  ice  coaiaiDs  likewise  a  quantity  of  gnmmy 

extTBCti 

Kuin.  When  the  Tootg,  after  expreeiion  of;  ihejnice,  hare  been 

Vthatistcd  by  boiling  nvter,  tiie  residuum,  treuted  with 
higfily  rectified  dcohol,  jieldi  a  blaok  resin,  that  has  the 
SRIeII  of  leather,  and  Ira  otiidtaste.  This  resin  is  verj'  fo- 
sihle,  snd  readily  takpi  lire.  It  dissoUes  in  alcoiiol  »nd 
«Uit«.AudlikewUe4n  eii.  both  volatilcaud fixed.  The^liied 
r«ot  contaios  about  a  sixteenth  of  it. 

AiworUiq^to  Mn  I'lommsdorlf '■  analysis,  a  pound  of  the 
dried  root  contains 

Fecnia 144  grains. 

t'cciiliartxtracti/e  matter 11,52 

Gummy  extract •  •  ^64 

Blackresin    ■-.  37tj'        ^' 

V'ola'ile  oil     gS     '  '''" 

Woody  substance 6384     ' 

SCIENTIFIC 


SCIENTIFIC  NEWS; 

Wcrtieriiut  Satnrai  IHitorif  Sodetj. 

4.T  lite  nierting  of  tUs  Society,  oti  Saturdajr,  the  Mst«f  Antilun* 
jHly  kbt,  Mr.  Cituipbi-ll  vf  Curbrook  kbA  aatue  oWrvm-*^'^ 
lioiis  vit  ll>«  cause  orilir  aotiliittai'  or  inU^'tor  tittp«  Hitftii^w- 
angllw  Newloiiiiiii  tliwiry  on  iW  subject  ;^nil  Ur.  ThoBi»8 
f^latOMii  r«ad  ■  ptper   on  naturiil    curbvrctted  hidrp^en  CirtunttadU- 
,  kbuaiiug.  dial  they  coulwa  Uifftient  quHutilws  c*^  JbSnl««lS«. 
BiltoB,  but  no  oxigeat 

Pr^ocf  to  l^i  Enejfftopediit  Brilannicn. 
t>T.  Kirby  Has  smt  me  a  printed. copy  oi*  a  letter  from  rrcTacetsrti* 
■Jiiuiscirto  Or.  Rlilkr,  e-lilor  of  the  4th    eJilloti    of  the  ^l'^""""* 
Eiicjriopedi*  Britanulca,  which  has  bet^n  tusetted  ia  moet 
«f  the  Edinburi;!)  Qi^spnpers.     Dr.  Kirlty  complains,  t hut 
■njii-.tic«  both  of  oratHsioii  aod  XMsertion  lias  been  dune  him 
at  Mac  of  the  composers  of  thnt  work,  one  t«uth  pait  at 
least  kaviijg  been  either  written  or  revised  by  him.     Dr. 
Miliar  replies,  by  adiiiittin)^   the  errours  of  the  preface, 
which  he  condeniiis  'tn  the  struuge^t  t4:riua,  and  states,  that 
he  aru  not  permitted  to  dian  it  up,  becmise  he  refused  t« 
ha«e  hii  prelhce  revised  aud  corrected  by  persous  he  coiisi* 
dcrad  OS  very  iiicomp^Lent.     I  am  sorry,  that  for  obvious 
^    reasaru  1  aw  |>reve[iteil  IVaoi  giving  more  than  this  abridged 
^LMateipeiit  of  a  biisiucsE,  in  nhich  the  inti^rests  of  science  ap- 

^^K(.  OMrgt'*  fhapllal,  and  George  Street,  Jimaetr  Square. 
^V  The  latter  end  of  the  fir^tueek  of  October,  the  usual  MediL-illw- 
■  caur»ei,  of  lectures  on  ilie  practice  of  physic.  Iherapeulica,  '""*■ 
and  cli*niiBtry,  will  recommence  in  George  bireet;  tx'j.  the 
mmlical  lectures  lit  8,  and  the  chemical  at  9  in  the  inorn- 
iag:  by  George  Pearson,  M.D.,  F.  It.  S.,  senior  physician 
of  St.  Otorge'a  Hospital;  of  the  College  of  Phvaicluns, 
ice. 

A'Wf.     Clinical  lecturer  are  giren  on  cases  of  paiienti  i" 
St.  George's  Hospital,  as  nsual. 
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ARTICLE  I. 

On  Ike  Electric  Columit.     By  3.  A.  De  Luc,  Ei^.  F.  K.  5. 

Part  IL 

On  the  Electric  Cohimn,  at  Aerial  Eleeiroteope, 

A.  Have  snld  in  the  precnjingi  paper,  that,  the  iticking  of  Theatickingof 

tht gold  Uaoei  to  the  s\de of  the  elect ro^ope  bein^  an  "h- j'?^*°" J*^"* 

■tBcle  U>  regular  obscrvntioni  of  their  tirikingt,  which  how-  out. 

crer  I  considered  ai  the  mo«t  proper  manner  of  observing 

the  varialjona  of  this  inntrument,  I  had  intended  mincrease 

ita  power,  so  far  as  to  produce  the  motion  of  a  small  InetaUic 

&att,  in  hopes  that  the  latter  would  not  ttifk. 

I  begun  thia  attempt  by  uniting  tofcether  in  «ne  the  three  Attempt  ig 
eohmnt  o(  300  groups  mentioned  in  the/M(  Part,  which  I  mosa  bcuI- 
bad  before  used  by  only  connecting  them  with  one  another; 
and  1  thuB  formed  the  column  of  6oO  groups  making  a  part 
of  (be  instrument  represented  by  the  Jigure  annexed  lo  the 
first  pari :  tee  PI.  ML  With  this  cvUmn  I  made  the  first 
trial  of  procuring  the  motion  of  ^nch  a  bmall  pendulum  ilk 
the  following  manner.  1  connected  with  each  extremity  of 
tba  eolnMH  a  wire  terminated  bv  a  tmall  brass  ball;  and 

Vot.XXVM.  No.  133— Nov.'ief.  M  each 
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each  wire  being  movable,  I  could  bring  the  two  balls  iii 
front  of  the  iastf  ument,  within  the  distance  of  each  other 
that  might  be  found  convenient ;  and  I  suspended,  by  a 
silk  thread,  a  small  gold  bead^  which  I  could  easily  bring 
between  the  balls^  either  at  the  middle  distance,  or  nearer' 
one  than  the  other. 
Unsuccessful        The  apparatus  being  thus  prepared,  I  tried  for  a  long 
trials  '^•j^'jl   time  to  make  it  answer  my  purposci  but  without  success. 
When  the  two  balls  were  near  each  other,  the  bead  struck 
them  alternately  with  such  a  rapidity,  that  it  was  impossible 
to  count  the  number  of  oscillations  in  a  determined  time; 
a  necessary  condition  for  my  purpose.     1  increased  the  dis- 
tance of  the  ballSf  but  I  was  disappointed  in  a  different 
manner:  when  the  bead  was  equally  attracted  on  both  sides, 
it  sometimes  remained  motionless  for  hours  in  the  middle 
of  the  interval ;  and  when  the  attraction  became  stronger 
on  one  side,  the  bead^  drawn  that  way,  struck  one  of  the 
balls,  some  oscillations  then  began,  still  too  rapid  and  very 
irregular,  but  at  the  end  of  a  little  time,  they  ceased  again, 
the  bead  remaining  motionless  at  the  middle  point.     I  tried 
Various  distances  of  the  balls^  and  also  different  degrees  of 
approximation  of  the  bead  to  either  of  theqn  :  sometimes 
there  was  an  appearance  of  success,  but  at  last  the  bead 
was  again  at  rest  in  the  middle  space,  or  it  stuck  to  one  of 
the  balls*     This  want  of  success  persuaded  me,  that  a  neu-^ 
iral  pendiilumf  such  as  was  the  bead  suspended  by  a  silk 
thread,    cauld  never  answer  the  purpose  of  the  regular 
strikmgSf  which  were  necessary ;  that  the  bead  was  to  be 
connected,  by  a  metallic  wire,  with  one  of  the  extremities 
of  the  calumtif  near  a  ball  united   with  the  latter,  and  t6 
strike  against  another  ball  connected,  cither  with  the  other 
extremity  of  the  column^  or  with  the  ground ;  the  latter  of 
which  modes  I  first  adopted. 
Mr.  Forstcf         But  before  I  proceed,  I  must  mention,  that  tthile  I  %vas 

ha4  succeeded  p^npioyed  in  these  trials  at  Windsor,  Mr.  B.  M.  Forster  had 
with  a  longer  ^    ^ 

column,  to  pro-  succeeded  at  Walthamstow,  near  London,  with  a  power  of 

dur^aconti-    1500  groups  of  the  same  diameter  as  mine,  divided  into 
m«al  chime.        ,  ,       ,  1         -i     1  •  n  • 

three  chaplets,  as  described  in  iny  first  paper  presented  to 

the  Royal  Society/  to  set  in  motion  a  brass  ball,  suspended 

by  a  silk  thread  between  two  small  insulated  bells,  connected 

H'itb 


with  the  two  extreinitie»  of  this  long  column.  Mr.  Fontcr 
ha«  (kscrihed  this  new  kind  of  thime  in  a  letter  to  Mr.  Til> 
loch,  published  io  the-F*(7.  Magaz.  of  the  latter,  mention- 
ing this  sjiigulur  circumstance,  that  the  ringing  began  o» 
the  jubilee  iluy.  Since  that  time  1  have  had  the  pleasure  of 
bein^  personally  uci]UDinted  with  Mr.  Furuter.  und  he  has 
iKtelf  informed  me,  that,  having  tnouuteil  aguin  this  chime 
on  the  2Ath  of  March,  it  hai>  not  ceased  to  ring  ever  since. 
This  is  a  curious  application  of  the  property  of  the  column, 
but,  as  I  hiive  explained)  it  cannot  answer  the  purpose  of 
regular  obserTations. 

For  the  execution  of  the  above  mentioned  plan,  I  first  Addiilonigiba 
made  the  fnllowing  addition  to  my  appuratus.  At  the  top  "pj»raiu». 
of  one  of  the  pillnra  of  the  column,  on  its  side  A  (the  posi- 
tive Fxtreoiity,  1  6xed  a  brass  piece  13,  held  there  by  a 
ferrule, and  projecting  forwards  about  \^  inch:  on  this  pro* 
jection  is  fixed,  by  a  screw,  another  brass  piece,  having  on 
one  aide  a  vertical  groove  14,  in  which  is  held,  by  a  pin,  u 

*  rod,  at  the  lo«er  part  of  which  is  a  targe  brass  bnll  15, 
which  can  he  moved  bacLiwards  and  forwards,  in  order  to 
brin^  it  to  the  convenient  pomt,  where  it  remains  steady, 
by  the  friulion  of  the  top  of  the  rod  in  the  groove.  From 
this  top  projects  a  brass  loop  l(j,  to  wbiih  is  suspended  a 
gold  btad  I7t  by  the  thinnest  silver  wire,  such  us  is  used 

^ross  vires  in  telescopes;  and  by  moring  properly  the 
hall  15.  ihe  btad  it  made  to  hnng  dose  to  it;  wiihont  lean- 
ing agaiust  it :  this  in  done  while  both  the  beati  and  tliu 
W  are  ntulral,  by  haitdliug  the  latter  for  this  adjust- 
meiit. 

My  purpose  having  only  been  at  first,  that  the  &fi// lb 
•hould  bt  in  rommiinication  with  the  ground,  I  produced 

communicution  in  a  simpler  manner  than  is  represented 
ID  the  JSgttre  ;  having  changed  it  since  for  a  parpuse  that  I 
■hall  explain  ;  but  the  difference  is  here  of  no  cnnst^quence; 
it  trei  then  ooly  held  at  ihe  top  of  a  brass  stem,  Itxed  to 
the  end  of  a  thick  slip  iif  Icud  19,  19;  roov^hle  backward 
«nd  forward  between  pins  ?0,  HO,  "20,  in  order  that  the 
distance  of  this  ball  from  the  fiall  15  might  be  changed,  as 
■hould  he  found  puipc  for  iKo  tirikingt  of  the  bead. 

This   apparatus   wus  Gnished   in   the    b«gt:iiitng  of    last 
M  S  »pfiDg ; 
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springy;  but  it  was  too  late  for  the  most  important  obterVa' 
tioDS ;  especially  as  the  apparatus  itself  was  far  from  Wmg 
'  settled.     Before  that  season,  the  effect  of  the  column  had 
been  so  g^eat,  that  the  gofd  leaves  of  the  electroscopes,  ei-* 
ther  on  one  side  or  the  other,  struck  sometimes  in  the  after- 
noon 60  tiroes  in  a  minute,  even  in  glass  tubes  of  If  inch 
diameter ;  but  now  they  seldom  struck  more  than  once  in 
a  minute,  sticking  always  as  usual  (which  was  the  reason 
why  I  had  given  tip  the  gold  Icavts) :  however  the  eff(Sct  ^as 
still  sufficient  to  try  the  new  apparatus. 
Il&eballwould     This  again  gave  me  much  trouble:  for  though  at  first  if. 
'  "^  *        appedred  t6'  answer  my  purpose ;  its  the  gold  bead^  receding 
from  the  ball  15,  struck  the  ball    18,  fell  and   returned 
•gain,  with  the  usual  changes  in  the  frequency  which  i^ere 
to  be  the  object  of  observation  ;  the  bead  at  last  stuck  to 
the  ball  18.     1  tried  whether,  by  increasing  the  distance  of 
the  latter,  the  bead^  thus  drawn  farther  out  of  the  vertical 
line,  would  have  more  power  to  resist  the  cause  of  its  stick- 
ing ;  which  it  is  difficult  to  understand,  as  it  is  not  the  case 
when  set  in  the  same  motion  by  a  mechanical  impulse.  The 
itrikings  were  less  freq^uent ;  not  so  however  as  to  prevent 
the  observation,  if  the  sticking  had  been  prevented ;  but  it 
again  took  place,  and  even  more  easily,  as  the  bead  arrived 
more  slowly  in  contact  with  the  ball.     I  did  not  succeed 
better  by  increasing  the  power  (in  a  manner  which  I  shall 
explain  hereafter),  though  I  could  produce  the  strikings  at 
a  greater  distance ;  so  that,  after  much  labour,  I  had  some 
time  despaired  of  success,  when  another  idea  occurred  to 
me,  which  however  did  not  succeed  at  first. 
Attempt  w  Th^  general  idea  was,  to  produce  the  strikings,  not  by  the 

aidkine  6y  the  ^^^^  itself,  but  by  its  silver  wirCj  in  a  part  at  some  height 
wiTe,ootby  the  above  the  latter^  by  the  wire  meeting  there  the  edge  of  a 
horizontal  brass  lamina  in  communication  with  the  ground ; 
in  order  that  the  icire  being  bent  at  that  point,  by  the  bead 
moving  still  farther,  the  latter  should  have  a  greater  angu- 
lar motion  from  that  point,  by  a  shorter  radius,  and  have 
thus  a  greater  tendency  to  fall  back  after  being  discharged  j 
suppri'ssing  at  the  same  time  the  baL  IS,  to  which  it  stuck: 
l>nt  by  thi«<  suppression,  the  motion  was  so  much  diminish- 
ed, that  I  was  obliged  tO  use  again  the  ball;  and  then  the 

ft  ire 
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vtire  ilieU ilatk  to  the  fdgn  a(  the  latninB.  FoUowiag'  how- 
jBver  further  the  idea  of  dUcharging  the  bald  by  tti  wire 
iDiecting  with  Uie  tmalleEt  condveling  masi  |io«sibk,  I 
Ihouglit  of  lubititut'iD^  for  tlie  brass  lamina  n  single  vWver 
iwin  like  that  of  the  braili  and  at  last  I  thus  succeeded. 
Thiit  is  the  part  of  the  Jigure  which  I  am  going  lo  de- 
'  tcribu. 

The  last  alteration  I  found  necessary  to  make  in  the  ap-  '^'rthai  oddi- 
paratQB,  nhich  is  repreeuutrd  in  the Jigvre,  not  being  made  pj^, ",.  *  '^ 
at  that  time,  it  must  be  cupposed  for  the  present,  that  the 
piece  28  is  represented  by  the  lead  slip  19,  19,  The  piece 
23  is  a  brass  spring  of  about  half  an  inch  in  breadth  at  the 
base  34,  where  pussing  under  the  b€nt  pari  of  un  uptight 
brass  piece  33,  it  is  thus  fixed  with  the  latter,  by  icrens, 
ou  the  base.  The  breadth  of  the  spring  23  diminikbes  to- 
ward its  end,  whtre  it  is  terminated  by  a  braxs  wire  bow 
ii;  in  this  iistretthed  iKe  thin  silverioii-e  91.  against  which 
that  of  the  btad  comes  to  ttrike.  The  upright  brass  piece 
35  has  at  the  lop  a  screiv  ''l<i,  pressitig  against  the  spring, 
•nd  serving  to  produce  small  motions,  bac^iwards  or  for> 
wardt,  of  the  horizonlal  wire  31,  previously  brought  nearly 
10  the  proper  distance,  by  moving  the  lead  ba^e  Ip,  I9, 
The  mument  of  the  meeting  of  the  two  siher  wires  is  to 
inBtsnt  before  the  £«')(/ strikes  the  ball  18:  then,  hy 
a  jerV  produced  at  the  meeting  of  the  wirei,  the  flicking  of 
llie  bead  to  the  611//  is  etfectually  prevented. 

This  was  only  finished  in  the  beginning  of  last  April ;  i^he  airikinri 
llie  jtnVtmj.  of  the  bead  were  then  regular  and  ""'inter- '^^'^^^J'*" 
rupted,  while  there  was  no  shake  of  the  apparatus  itself; 
but  bein^  oil  a  table,  1  soon  found,  that  by  walking  in 
tile  room,  and  u1so  by  the  agitation  of  the  air  in  opening 
.bulling  the  door,  the  motions  of  the  bead  were  dis- 
turbed. Thiii  determined  me  to  fix,  against  the  hide  of  the 
room  which  had  a  proper  light,  a  glazed  box,  in  which  I 
placei)  the  apparatus;  and  I  fixed  under  it,  at  its  level,  a 
little  table,  in  order  to  place  there  additional  columns, 
which  became  necessary  to  intrease  the  po\*er  of  the  iiislrvi« 
ineiit. 

This  apparatus  being  at  last  ready  for  regular  obseiva-  joim.al  of  (Ik 
tivui>,  I  began  the  meieoroloj^ieal   iuurnul  which  I  had  in  P 

view*, 
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view,  inclttditigi  with  thb-  number  of  the  strikmgs  \>f  the 
head  in  a  ceirtfeiin  time  ai^d  the  observation  of  the  baromeier^ 
the  degrees  of  the  thermometer  and  of  my  hygrometer  in  the 
rooiDy  the  only  place  of  which  it  could  be  supposed  that 
the  changes  of  the  temperature  and  of  the  degree  of  moisture 
might  affect  the  state  of  the  column :  1  bhall  copy  here  the 
journal  of  these  observations  during  the  few  days  in  which 
the  fundamental  column  of  600  groups  still  acted  alone; 
after  which  time  I  was  obliged  to  increase  the  number  of 
the  groups,. 

Numb,  ofstrik, 
Barom.  Theimom,      Hygrom.      in  10  min. 
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8  A.M.  ••••id.  ....••  58  ••••  42  ••• 

•  ••.;•..  id 60^.«^»  id.  ••• 

P.M.  ••••id. •  63  ••••  41  ••• 

A.M.  ••••29*8 •  6l  ••••  id.  ••• 

2  P.  wl.  •  •  •  •  id.  •...••  60  ....  id.  •  •  • 

11   29'9 58  ••••  id.  ... 

7     A. M.  •  •  •  •  id.   •...••   50  «...  id.   ••• 
4     P.M.  •••.30    ••••*•  56  ....  id.   ••• 

30*1^  •No  striking  the  whole  day. 
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Cessation  of 
the  striking. 


This  cessation  of  striking  havin*^  lasted  two  days  more,  I 
judged,  that  we  were  entering  into  the  season,  when,  in 
the  two  years  before,  the  sinkings  of  the  gold  leaves  them- 
selves had  also  ceased ;  so  that  in  order  to  carry  on  the  ob« 
servations  as  long  as  possible  towards  the  summer,  it  was 
necessary  to  increase  the  number  of  the  groups.  This  I 
undertook  without  changing  the  situation  of  the  funda- 
mental instrument,  which,  on  account  of  the  necessary 
steadiness,  and  of  being  sheltered  from  currents  of  air,  was 
to  remain  in  the  glazed  box  fixed  against  tlie  side  of  the 

room. 
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rnani.  I  maijif  u>tj  iherrrorc  or  the  little  table  above- meo- 
tioiK'il,  Tor  plM-iiig  aa  n  udiiittaDul  columni.  which  I  nude 
nptijiilit  like  the  (;oiiiiiiou  pile,  bs  more  easily  managed; 
unU  knowing  that  wiih  the  ume  number  of  KKups,  the 
sinkings  would  be  accelerated  by  larger  plate*,  but  that  if 
Lwaa  «  loijg  aad  tedious  ojierutioii  to  eut  them  rnuod,  1  de> 
l<tennined  lo  makf  a  column  with  ^uure  plate*.  For  this  Shceu  or^o 
pu^ie  I  he»poke  sojne  »heeto  ol'  luiniaaled  cmi-  about  the '^'  "Roo'^i 
tbickncsti  of  a  card;  but  tlioie  which  I  received  were  »q 
much  ptitkered,  that  I  despaired  of  their  being  fit  for  niy 
purpose;  hoivever  I  obtained  flut  plate*  of  them  by  a 
method  which  it  limy  be  useful  to  explain, 

1  procBred  u  good  pair  of  huod'sheare,  and  with  thwe  1  ''"'  ""y  ** 
first  cut  the  puckered  sheets  into  slips  of  !{  inch  breadth,  [I^|,'g"'p„''(. 

i  nearly  as  they  could  be  traced   upon  such  an  uneven  •un'- 

surface;  and  placing  uiutiy  of  these  slips  apou  one  another 

.betwerii  two  pieces  of  hard  wood,  I  pressed  ihera  with  force 

in  a  TJce,  ledifiog  them  there  for  halfsn  hoar :  they  came  . 

out  very   flat,    nn'y   not  rery  (tFiiight,  but  thia  could  be 

oiended.     Xine,  in  this  wwlleable  slnte,  having  nearly  the 

I    ao^nesa  of /«a(/,  stretches  luternlly  by  thnt  grent  pressofe,. 

I  thai  the  puckeringa  are  effaced.    Making  then  straight, 

,  w-th  a  6le,  one  side  of  the  sbps,  I  marked  on  this  edge, 

h  a  divider,  poind  at   l|  ineh  distance;  and  by  them 

points  I  traced  with  a  square  the  plates  to  be  cut  with    the 

•hears:    these  pieces  were  diUorted  by  the  cutting;  btft 

platSug  them  also  over  one  another,  by  arores,  between  two 

thick  pUte*  of  brow,  and  presiin-j  them  strongly  In  the  vice, 

they  berame  flat;  nnd  I  hnd   only  to  round  a  little  thu 

iiigtei  with  a  lile,  placing  them  aguin  in  the  tin  without 

L  the  braai  plate. 

Ill  thia  manner,  I  made  SDd  sine  pbles   1{   inch   square.  An  iii>iiG>it 

I  aad  having  cut.  an  equal   number  of  pifcee  of  Z>i.(cVgi/r  "'"""' "^"^^ 

I  faper  of  the  same  M«e,  I  mounted  this  upfighi  ro/unm  bfr 

I  iween  4  ghiu  rodt  covered    with   eealing-wax,  fixed  in  a 

wooden  base.     This  eokunn,  loose  between  thu  rods,  is  uip- 

I  .ported  at  the  bottom  on  4  insulating  pillars  if  inch  high, 

on  which  is  first  laid  a  bnise  plate  with  a  projecting  pnrt  of 

mboat  i  inches,  at  the  extremity  of  which  is  a  lBr(;e  bole  for 

receiviitg  the  end  of  proper  conductors;  and  for  the  same 

purpose. 
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purposCf  the  column  is  terminated  at  the  top  by  a  limilar 
plate,  on  nhich  presses  a  wren  in  the  common  manner  used 
for  the  pile.  The  top  of  this  column,  which  is  its  patiliot 
extremity,  was  lo  be  connected  with  the  ntgativt  sstremily 
of  the  horizoutul  ealmnit,  and  this  required,  that  the  box 
GOntainiDg  the  latter  tihould  be  opened  in  front:  I  therefore 
placed  only  a  pane  of  glass  on  the  side  where  th«  btad 
hangs,  in  order  in  guard  it  aj^uinst  the  rootious  of  the  air. 

The  first  use  which  I  made  of  this  additional  co/umn  with 
larger  plates  wai  for  the  following  esperiments, 

Exper.  16.  Pliicing  the  negalitie  (or  lower)  extremity  of 
the  colamH  composed  of  the  large  nquare  plates,  in  com- 
munication with  the  ground;  I  connected  its  paailioe  ex- 
tremity with  a  gold  leaf  electroscope,  and  after  having 
obserted  i^emaximum,  soon  produced,  of  its  divergenee,  I 
substituted  for  this  column  300  of  the  small  groupa  of  the 
horizontal  column,  by  placing  the  communication  with  the 
ground  at  its  middle  point:  thiit  produced  the  same  di- 
vergence as  the  former,  but  it  required  more  time. 

I  could  not  compare  directly  the  effects  of  the  two  co/umni 
with  respect  to  thejre^ueucj/  oislrikiugs  of  the  bead,  because 
at  that  time  300  groups  of  any  size  were  no  longer  sufficient 
for  producing  then) ;  but  I  compered  the  effects  of  the  t\io 
columns,  for  this  purpose,  in  the  following  manner. 

Exper.  17.  I  first  repeated  the  observation  of  the  glrilc- 
ings  with  the  horizontal  column  of  600  groups,  its  negative 
extremity  being  in  (.'ommunication  with  the  ground  :  there 
were  3  slrikijigi  in  S  minutes.  1  then  took  otf  the  commu- 
nication of  this  column  with  the  ground,  and  connecting  its 
middle  point  with  the  positive  extremity  of  the  column  of 
300  groups  of  the  square  plates,  1  placed  the  negative 
extremity  of  the  latter  in  communication  with  the  ground. 
This  was  again  600  groups,  but  300  of  them  were  of  larger 
plates,  and  there  were  then  7  i)'riAinjj  in  the  same  time; 
and  thus  was  confirmed  what  I  had  judged  of  the  effect  of 
larger  plates  for  increasing  \\ie  frequency  of  the  slrikings. 

Exper.  19.     1    now   connected  the  new  column  of  300 

larger  plates  with  the  6OO  groups  of  the  horizontal  column, 

leaving  the  communication  with  the  [ground  at  the  negaiire 

extremity  of  the  former.     This  was  in  u  more  favourable 

moment; 
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Bonent ;  for  the  additiou  of  300  of  the  small  groups  ought 
to  have  jproduced  with  the  whole  only  8^  ttrildngs  in  5 
\^\nuten,  and  there  were  10. 

From  this  increase  of  power»  I  exp^ted  a  greater  duni* 
tion  of  ohsenrations  in  this  season ;  but  I  soon  saw  m  dimi-  Diminutton  of 
DUtioD  in  the  frequency  of  the  strikings^  which  dis«ppoitited       •*««»*•• 
me.     I  iost  again  much  time  in  changing  the  arrangement 
of  the  apparatus,  in  order  to  take  in  also  the  two  columns 
formed  of  Itim^troji  plates,  mentioned  in  my  first  paper: 
there  were  700  of  these  groups,  which   produced  in  the 
goidrieavest  nearly  the  same  divergence  as  the  cohtmm  of  300 
sine  plates  1  {  inch  square :  This  being  the  only  change  that 
I  could  undertake  for  the  seasou,  I  began  another  course  of 
observations;  and  it  will  be  seen  in  the  following  journal,  went  on 
how  rapidly  the  effect  went  on  diminishing.  wpiwj* 

Nvmb  ofsirii. 
JBarom,  Thermom,    Hygtom,        in  5  min, 

10*       8     A.M.  ••••30*15 63   ••••40 14 

12     ••••••••     id 67   ••••id 19 

2     P.M.  •  •••30*17 •67   ••••id 17 

4     •••  30'iO 66  ••••id. 16 

8     30*25 65   ••••id •i^ 

10  •• id.    65  ••••id. .10 

11.  7  A.M.  ••••  id.  59  ••••41  7 

11  id ^64  ••••39f 8 

2  P. M.  ••••  id.  67   ••••id.  •••-••ii 

4  id.  •6j   ••••id 9 

10  id.  ()4  ••••39  4 

12.  7  A.M.^^^«3019 57  ••••39f 4 

11   30-18 60  .•••39  4 

3  P.M.  ••••30*15 65-^^«^*38i.^*^.'  (> 

10   30*10 65  J- •••39  4^ 

13.  9  A.M.-»*«30-05 63  ••••40 7J 

1  P.M.  •••'30-02 65  ••••3Pi^ 7 

10  30   64  ••••391^ S> 

14.  9  A.M.  ••.•29'85 62  •.••39i 5 

12  ^29-80 65  ••••id 7 

3  P.M id.  67  •••*id B 

11     29»7-^ 6^^   ....  39  •  •  no  sirlkiuff. 


m 
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iBarom.  Tliermom,^  Hygrtm.        in  b  ruin,  * 

15.  7     A,M.f ••Sd'65'sf«6l   ....40 

No  striking  the  whole  da  v. 

16.  7    A.M..  ••.29-6  ..,,..64  ,..t40j | 

or  1  in  10  mli;. 
11     .< •  29*65 G3   ....39.i.«.«"5 

No  striking  in  the  evcuiiig. 

^7.      7     A.M.  ••••29-83««-»--59  ••••40 1 

10     id 63   ....39 J...... 3^ 

11  P.  M,  •  •  • .  29*65 66  ....  id 5 

\g^      7    A.M.. •••29-75 59  -...40 3J 

12      29-«0 63. 391 3i 

11     P.  M 29*95 64. -..39 2 

^9.       7     A.  M 30*1    50  •'  »'39^'»  no  striking^ 

4     P.  M.  • .  •  •30*2 65    • ...  id.  •  ^ ....  4 

No  striking  in  the  evening. 

20.  8     A.M.  •  •  • -SO'IS 57    ••••39i 2:^ 

4  P.M.  ••••3008 67|"«-39   4 

^0  30       67 38J 2 

21.  .7  A'M.  ••••29*9 60  •...40 'I 

2  P.M.  •••.29-83 66  ••..39} 5f 

11  299 65   ••••40 3 

iJ2.       7  A.M.  ••••30'1    60   ••••40^ 2f 

5  P.M.  ••••30-15 69   ....40   .......5f 

10  •.    30-2 64  -••••40^^ 4^ 

23.  8     A.M.  ••••30-3    •••^•'6\)   ••-•40^ 3f 

X  4 

12      id.    63    ••••39^ 4 

No  striking  for  a  long  time.  ^ 

7i  P.  M.  •  •  •  •    id 66  •  •  •  •  39 2 

24.  6f  A^M.  ••••30-38 59 39| IJ 

2     P. M.  ••••30-J2 66 39 4 

10^^ 30-3    65   ....id. \i 

25.  6^  A.M. 30-25 6l   ....39; 2^ 

'    3 J^  P.M.  -...30-24 69    ••••38^ 3 

lOJ- 30-28' 6S    .••.39 2 

af.       7     A.M.  ..••30-23 59  ....40 2f 

This 
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TliU  great  dimmutiflii  in  Xhe  Jretfueney  of  the  striking*,  f^[tentian 
made  me  think  of  coonccting  the  ball  18  with  th<  neffative  iuBgeit»l- 
vxtrcmity  of  all  the  eolumns,  in  order  to  see  wha*  int^reaBe 
it  would  mu\e  in  \\iv  Jreqaency:  but  luckily  at  the  same 
time  it  ocfiirrwi  to  me,  that,  by  producing  a  »peedy  manner 
of  changini;  this  connexion  of  the  ball  fur  that  with  the 
ground,  and  inveisely,  it  would  be  a  mode  of  discorering 
Tariations  in  the  eleclrit  tlale  of  the  latter,  by  comparing  in 
a  ahoft  time  its  etFect  on  the  strikiugs,  with  tlial  nftheufga- 
lier  exlremiiy  of  the  columns.  This  was  tlie  occasion  of  the 
lost  c;han(;e  which  I  made  in  the  apparstua,  as  represented 
b  the^gure.  which  part  1  am  now  going  to  describe. 
On  the  Icud  base  13,  19,  I  fixed  two  insulating  piHara  . jj,: 
',  37,  and  on  these  a  brass  piece  99,  at  one  extremity  of  ihe  ■|ipataiui 
lich  is  fixed  the  bali  IB,  and  at  the  other  the  machinery 
r  moving  the  horizontal  silver  wire  21.  By  this  insulation 
the  parti  against  which  the  Itead  aiid  its  aUeer  uire  come 
tirike,  1  can  place  them  in  a  moment  in  communication 
Arith  either  the  ground  or  the  negative  extremity  of  the  eo' 
Wmmby  only  changing  the  positionof  a  brass  wire  2g,hoo]c- 
•d  to  the  extremity  of  the  horliontal  brass  piece.  In  the 
Waition  of  this  wire,  as  represented  in  theyi^ure,  the  ball  18 
vd  the  tilver  wire  il  are  in  communication  wilhthe^rotiNJ,- 
md  vhiett  it  is  wanted  to  make  them  communicate  with  the 
N^offpe  extremity  of  the  roAiDinj,  1  have  only  to  take  up 
lie  mo*able  ifirc.and  to  lay  its  end  on  the  priyecting  brass 
lieee  of  that  extremity,  I  was  surprised  to  find  so  little 
lifTerence  of  effect  between  the  communication  of  the  6o// 
,8  with  the  negaliee  extremity  of  the  folamns,  and  with  the 
frotuMf,  which  is  n  glaiidard  between  the  negative  and  posi- 
iee  slates  i>f  bodi<:3;  and  upon  llic  whole  tlii:  kind  of  ob- 
ervation*  opens  a  new  and  inteieating  field  of  researclies. 
rherefore,  though  I  had  but  a  short  time  to  follow  these 
ib«ervBtiout,  the  rollowing  journal  will  show  at  least  the  na- 
hn  of  this  phet 


A'»Mi  e/slnk.m5mH. 

Wflk  Utn*. 

Boron,     nirmam.  Ilg^am.  Wilhlte   gal  ttltmi. 

grvtmi.       fftlu  eU. 

^,      4  P.M."30-15i'->71   .1..38J.--.3 6 

9  id.    ...,68}<>>>3d  •■•■3  3 

^,       B.  A.M."30iq....(>I    39i.--i3 9 

II  3p-ll---r6iJ.---39V....2 3 

28,       I  P.II|f.--3030---<65  '•<>381>...l    • i> 

3  30  4Q 66  ....  id.  .-.-a  ••'.••  •t]^ 

^,     7  A.M.- '30-56 56  ....icl.  -•■•  4- 1 

12  id.    .-..64   .-.-37J li 2^ 

8  P.M."30*53....^8   -T..37I ; ,3 

go.      7  A.M."  id 58i-.-'3Bi ; 1^ 

li  P.M.- -SO-SO 66 38  ...■.4^'-.<..4 

4    id 69i""38t 4  .......3.1^ 

9   id 67 38i.-.-li i 

{(I.      7  A.M.--  id 60  ----SSi 1   IJ- 

2  P.M.--30-45 68 id 4 a 

;FttDe    9i 30-48 69  -■..id..---2 li 

••        1.         8    A.M.--iJ0'45-«>:63  -..,39i---*4 4 

It    :  30-44.-..64 39i 4  4f 

3  P.M.--;50-45 69 371... .-ij li 

9-J.-.^...      id.    --.-69 38    ■■;--It..r...i; 

2.       7  A.M.--30-4a.---6:>  — 39  -..,ii i 

11    ..--..     ill.    6s 38i '.'^ 3 

2   r.M.--30-38 691 38-I-.--4 4 

g.        6iA.M..-  id 64 33i j.-.-.-if 

\0   30-40 65 id.-.--2 3 

4JP.M.--3.0-38   ---69 37i--'-li \h 

f  6  A.  M.-  -30-45.  ■ .  -6OJ 38J.- ...  If T-3 

II    30-40 63 id.....il 2V 

2i;P.M.--  id.    ....G8  ...-38 2i-----.'3{ 

OU«c^  of  ih*^  la  the  but  days  of  tlicse  9l)servHtions,  1  Imd  some  reason 
iM  ob^TB-  ^^  suspect,  that  tometliing  liad  been  derjii^ed  in  the  appa- 
ratus, but  I  could  not  exumiue  it,  us  I  was  preparing  to 
leave  Windtor  ftr  spending  the  Summer  in  DevoBshire, 
where  I  write  this  paper.  However,  the  defect  which  1  sus- 
pected did  Dot  interfere  with  thi:  object  of  tbis  last  series  of 
olMervatiaiik 
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observations,  which  priupipdlly  relates  to  the  eleetrk  tlalt  flf 
tbe  ground.  This  itaU  is  here  i-i>in|Hir«d  with  thut  nf  tlie 
CI  (ri;  mi  lira  or  the  nlujnn,  ivhiih  I  hare  callfd  negative, 
though  it  i«  (omctimes  ntutral  coinparaiifcly  nUh  the  flet- 
nU  ttate  o{lhc  ambient  air;  but  it  is  never  positiee.  Oti 
the  other  hant),  the  bead  never  moves  but  as  poriliae  com- 
paratively with  the  same  standard,  and  it  moves  the  fusten 
«s  tbe  ball  IS  diH'ers  more  Troni  its  eieclric  UtUet  Now  it  i« 
seen  in  the  ubove  observations,  diat  sotnetimes  the  bead 
moves  faster  wbea  the  ball  is  in  commuiiicaiiun  with  the 
ground,  tliao  when  it  cominunicotes  ivith  the  extreOiiiy  oF 
the  column  culled  negative.  This  is  a  test  of  the  cleetrU 
tlale  of  the  grovnd  which  deserves  to  be  deeply  ttodied,  iii 

der  lo  understand  it  better. 

Were  I  younger,  I  ought  not  lo  publish  these  experimeiits 
■nd  obserratiuns  in  their  present  stale  ;  I  should  endeavour 
Br»t,  to  improve  the  instrument,  iu  order  to  meet  with  more 
■dvantage  a  proper  season  ;  then  to  Tollow  tbe  motton  of  the 
Mttial  eleetr^svope  more  rejjularly  ibnn  hitherto  I  havt  hifii 
titie  to  do,  beiug  constantly  employed  in  improving  it ;  ami  , 

to  study  the   cnnuexion   between  these  motions  and   the 
changes  in  the  electric  slate  of  the  air  near  the  ground,  and  ^iKtrk  ilal' 
oFlhe  ground  itself:  a  course  of  observations,  which  is  to  b«  "f*'"!'""'" 
followed  from  the  time  of  the  E^realest  ctfecis  of  (he  column,  cunnpcied 
to  that  of  Iheir  rapid  diminution,  coinciding  with  tbe  time  "''f*  T^ee"- 
■gelation,  the  ^rentest  terrestrial   phenomenon,  pre^ 
all  the  ground,  and  in  which  It  thus  appears,  that 

IF  eleetriefivid  has  KOme  influence.     But  though  it  ih  pos- 

ile.  that  I  may  take  up  again  thene  observations,  I  prtfer 
tidu  to  nutuml  philosophers  of  iho  be- 
ginning of  researches  nf  this  cluss  ;  because  at  any  rate  these, 
tescarches  would  advance  more  certainly,  should  they  be- 
come the  object  of  many  observers,  not  merely  forasseinbliog 
scattered  anil  unconnected  phenonaena,  but  for  couMdering 
the  light  thnt  liiey  redect  upon  each  other,  which  may  help 
trace  up  their  real  causes.  Nd  spantaiieoBs  effects  can 
.nifeit  in  a  more  e I niroct eristic   manner  these  remote  con- 

ixions  between  terrestrial  plieiionienii  by  common  cau-ics, 

thotc  oiVireil  to  our  view  by  the  attnofphere,  in  which 

■rcforc  we  must  einlejvoiir  to  extend   our  knowledge  by 

meteorological 


I 
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meteorological  obsenratioiis :  and  at  these  pheoomeiw  have 
been  for  a  loog  time  ooe  of  tbe  [irincipal  objects  of  my  at- 
tention and  study,  I  purpo^  to  explain  in  the  last  part  of 
this  paper  the  connexion,  that  may  exist  between  the  indi- 
cations of  the  aerial  eleciroscope^  i%hen  properly  settled,  and 
many  atmospheric  phenomena^  which  are  daily  observed, 
tvithout  being  really  understood. 

AJkfieldy  near  Honiton^ 
2dd  August,  1810. 


11. 

On  the  Structure  and  Classification  of  Seeds.     In  a  Letter: 

from  Mrs,  Agnes  Ibbetson. 


I 


To  Mr.  NICHOLSON. 
SIR, 


NOW  jonce  more  trouble  you  on  the  subject  of  seeds, 

desirous  of  completing  the  task  assigned  to  me,  and  finish- 
ing the  sketch  I  be^an  in  iny  last.  As  in  that  1  was  careful 
to  confine  myself  within  those  laws,  which  are  applicable  to 
the  interior  of  the  cmb-  yo ;  in  this  I  shall  take  a  different 
Variouskinds  path,  and  show  the  various  kinds  of  corculum  into  which  all 
»  f^'forculum.    g^e^ig  are  divided,  and  th^^jwe  the  various  classes  they  might 

form:  indicating  th  •  interior  marks,  which  would  diversify 
fach  different  clabb,  the  very  mechanism  of  which  is  so  va« 
rious,  though  so  well  defiiieJ,  as  to  strike  the  mind  with 
the  appearunce  of  a  nntural  method  ;  by  which  means  might 
be  establish.cd,  without  any  difficulty,  an  arrangement, 
which  would  euable  botanists  to  add  them  in  an  appropriate 
word  to  the  l/mnaean  or  any  other  classification  preferred  in 
giving  the  description  of  plants.  Certainly,  as  1  before  ol>- 
served,  it  is  strange  to  give  an  elaborate  description  of  every 
part  of  the  exterior  d'the  plant,  even  the  most  insignificant, 
and  leave  out  the  most  important,  the  interior  of  the  seed  i 
that  which  is  the  very  essence  of  it  (for  so  the  embryo  may 
be'Called).  In  our  best  works  of  the  kind  no  notice  is  taken 
of  the  heart  of  cotyledons^  or  of  the  division  so  well  known 
to  gardeners  of  leaf  seed?. 

To 
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To  expluQ  tbih  and  other  difFereocee^  eo  deeply  tnarkeci  seedi  iM^ 
by  the  hand  of  nature,  I  have  divided  seeds  into  five  iclasses,  ^'^^^  ^^^ 
to  which  may  be  added  orders  and  genera,  as  many  as  may 
be  found  necessary  in  future.     At  present  1  shall  tonfine 
myself  to  a  mere  sketch  of  these  five  divisions,  which  #iU 
be  but  an  outline  to  be  filied  up  by  future  observatibm 
That  the  heart  is  the  laboratory  of  the  seed,  I  am  perfectly  The  heart  ih^ 
persuaded ;  for  in  this  part  begins  the  whole  wt)rJc  of  nature ;  ^**'"'^^^  ^ 
from  this  appears  to  arise  all  its  mechanical  (Irent^th  ;  horc 
are  concocted,  prepared,   and   perfected,    all   the   various 
juices:  in  short,  in  this  part  only  is  seen  all  the  variety  of 
ilnechanism  necessary  for  these  purposes.     I  shall  endeavour 
to  prove  this  by  a  description  oi'  the  various  parts  that  com- 
pose it ;  which,  when  well  dissected,  and  properly  arranged^ 
iappear  as  surprising  a  piece  of  work  as  nature  can  produce. 
I  am  not  in  the  least  astonished,  that  phvsiolb^ists  imaiiined.  The  mihiHtiafS 

that  in  each  seed  was  found  the  epitome  of  many  trei;s — for  J"<^*"Ppo^  ^ 

.  "         ,  -     ,  to  be  be«n  in 

a  cursory  view  of  tlje  corculuui  in  a  microscope  mii>lit  lead  the  setd. 
to  such  a  conclusion,  from  the  variety  of  fiijure  it  announces. 
But  we  are  now  too  ^ell  ininrmed  to  admit  snch  fahles. 
Still  the  mechanism  of  the  corculum  is  hitherto  unknown,  Mrchaihiim  bt 
at  least  undescrihtd  hy  aay  author;  and  1  llattor  "»ys^'l^'>  Jjlfk^^^n'"'^ 
though  I  cannot  explain  tin-  nature  of  each  secretion  per- 
formed there,  that  I  shall  (as  i'ar  as  the  sij^ht  can  discover) 
show  its  structure,     Tlie  present  letter  will  rceel\»e  addition- 
al interest  from  a  discovery  I  liavo  just  made  (even  since  my 
last  letter) ;  for  I  flatter  myself  it  will  complete  what  my 
drst  letter  showed  ;  the  neersTity   of  abandoning;  that  ar- 
rangement  of  Jus^ieu,  uliich  is  founded  on  liu^  nnuiher  of  jiissieu'safi 

uotvledons.      For   if  it  can   be  pioved,  that  iliere  are  no  ^!'"t**^"**"*.^.^ 
-^  .  ^  the  cotyiedotlS 

(slants  ujiihout  cotyleddns ;  that  v.lrat  be  aiMi^tnneed  as  erroneous. 
monocotyledons  wero  dicotyledons,  and  that  wbat  be  men- 
tioned as  dicotyledons  have  many  ;  it  muft  of  course  be 
confessed,  that  the  arrangement  is  erroneous,  and  wants 
correction.  In  my  former  letter  I  filninly  proved,  that  the 
primordial  leaf  in  the  grassci  and  pulms  bad  been  mistaken 
for  the  cotyledons. 

I  shall  soon  jrive  a  proof  of  liiis,  not  to  be  controverted, 
as  nature  herself  will  .show  it ;  but  I  may  now  make  a  far- 
ther assertion j  and  say,  tl:a^  exc(pt  in  sei'd- leaves  there  are 

few 
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l^eccudifco- 
ifstwl  In  A  waI* 
nut. 


The  walnut 
has  from  four 
to  nine  cutyl«* 
dons. 


Corculum  of 
^e  walnut. 


Horse  chest- 
nut. 


•V  WE  •TBVCTtJEE  AMD  ClAillFICATIOll  OF  fEEDfl.  . 

few  dicotyledons.  '  Diasectiog  a  irery  unripe  walnut,  in 
order  to  discover  the  course  of  its  nourishio)^  ressels  in  the 
corculoiDy  I  perceived  a  recess  I  had  not  before  noticed* 
Desirous  of  knowing  what  it  contained,  I  fastened  a  double 
magnifier  of  great  power  over  it,  so  that  I  might  scrape  its 
interior  with  a  fine  lancet.  I  drew  out  three  diminutive 
points,  which  in  the  solar  microscope  I  soon  found  to  be 
perfect  cotyledons.  I  then  dissected  another  walnut,  and 
discovered  four  much  larger,  which  covered  the  lower  part 
of  the  corculum  like  a  festooned  curtain.  These  I  had  be- 
fore seen,  and  taken  for  scales  of  the  kernel,  so  assured  was 
I,  that  there  could  be  but  iwo  cotyledons,  IJence  the  mis- 
chief of  trusting  to  any  person,  or  thing,  in  the  study  ofna^ 
ture,  but  herself.  I  then  divided  the  corculum  as  usual » 
and  found  the  common  cotyledons :  in  one  walnut  there- 
fore I  found  nine,  and  in  above  6o  more  I  discovered  from 
four  to  seven*  I  doubt  not  many  more  may  be  seen  in  an 
older  walnut.  I  shall  now  give  the  picture  of  the  corcu* 
lum  of  the  walnut,  which  will  better  enable  the  reader  to 
understand  the  description  of  the  ditferent  classes,  and  of 
the  number  of  cotyledons  that  belong  to  each,  with  all  the. 
rest  of  its  arrtingement, 

Plate  V,  fig.  1,  represents  the  corculum  of  the  walnut 
when  covered  by  the  upper  colytedons :  x  x  two  of  the  co- 
tyledons taken  off.  Fi>^.  2,  the  corculum  or  heart  of  thf 
walnut  when  divided,  showing  what  have  always  been  reck- 
oned cotyledons  at  c  c,  and  the  breast  with  the  teats  d  d. 
Fig.  3.  the  corculum  turned  so  as  to  show  the  back,  y  The 
recess. 

After  opening  a  quantity  of  walnuts,  it  may  well  be  ima- 
gined, that  I  was  impatient  to  see  whether  a  recess  was  to  be 
found  in  all  seeds;  and  if  other  seeds  had  these  additional 
(cotyledons.  The  first  I  tried  was  the  esculus,  which  had 
exercised  my  patience  by  constant  dissections  for  a  long 
time,  in  search  of  them.  But  1  had  now  found  a  clew,  and 
discovered  therefore  4 ;  though  from  the  peculiarly  uneven 
formation  of  its  pocket,  it  was  not  till  after  a  pretty  long 
search.  I  must  therefore  recal  the  declaration  in  my  last  paper^ 
nor  shall  I  ever  fail  to  do  so,  when  I  find  myself  mistaken ; 

aeekinff 
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■eeking  for  truth.  I  may  err,  but  I  will  uner  deceive.  Sinte 
my  la«l  discovery.  1  liave  been  able  only  to  diKsei-t  900 
•eeds  ;  but  the«  and  my  former  atudieH  amouut  to  above 
a«00,  and  will  enubk  rae  tfi  judge  in  «li«l  clasa  tlie  tnany- 
vntyledons  are  found.  I  ehall  now  therefore  begin  with 
the  de^ctiplioti  of  the  formation  of  the  corculum  of  <mch  dif* 
fereiu  ilass. 

Tbe  tirst  is  the  mammireroi's.     It  im-ludes  plants  ofa  ttidra. 

tery  strong  and  »igofouB  tunn  and  nature,  not  only  in  trees  "•'""'ifriK. 

NBcl  ihrubt,  but  in  smaller  plants.     The   ouk,   beech,   elm, 

horse-vheBtnut,  &c. ;  the  laurel,  rose,  budle.i,  Itc. ;  biirdoL'k, 

tuo>l1ower.  and  many  of  the  order  pentandria  digynia,  that 

Bre  spreading  and  vigorous.     ThU  seed  has  a  remarkably  Tb«iwd  <!»■ 

Iwrge  heart,  into  which  (he  juices  are  .ourej-ed  by  the  nou-  **'"''**■ 

riahing  vestHlt..     In  the  eorculum  is  found  that  curious  part, 

irhich  re*emhle«  the  breast  of  a  bitch  ;  with  teats  (a''  fur  as 

1  have  been  able  lo  discover)  numerous  according  to  the 

■trength  of  the  plant.     Over-  the  teats  are  the  nourishing 

Tea^Is,  and  so  much  juice  do  they  impart  to  these  curious 

m,  that  the  recess  is  often  inund»led  with  lh«  juice  that 

rnnvthron^jh  them.   What  cfli'ct  this  straining  may  have  on 

the  liquid  is  easy  to  imH|:;ine,  and  (hut  from   crude  and 

harsh  it  may  become  both  pweef  and  emollient.    It  may  also 

be   more  ititiinately  mixed,  and  thus  form  ta  those   spnces 

|Bsses  suited  lo  the  object  to  be  nourlsiied.     TTiere  i^  found 

in  this  species  of  heart  from  19  to  iS  teats,  which  bleed  in 

rtiree  or  four  places.     The  recess   is  dimnver.it  at  the  back 

iftf  the  cnrculam,  and  throu;{h  the  middle  of  it  piiines  that 

ne,  which   ancrward  ta  called  the  Atalk   of  the  plant,  :ind 

1  now  only  the  line  of  life;  and  one  row  of  wood  vessels, 

orered  by  the  circular  skin  of  cotylednus,  or  of  that  matter 

'hich  forms  them.    See  Fig.  6.     This  recess  is  the  place 

where  the  cotyledons  are  mostly  formed,  and  from  which 

they  branch,  while  the  primordial  leaves  proceed  from  the 

Interior  line.     This  structure  plainly  proves,  that  the  noo- 

iihioK  ve«Bel»  are  the  feeders  of  both  cotyledons  end  pri- 

lordiol  leaves.     All  the  fruits  have  a  heart  of  this  kind,  and 

■nny  eotyli-dons.    Most  of  the  caiices  and  wheat  are  oFthis 

cUbs.     It  is  curiouv.  that  in  this  not  only  the  IsttT  but  the 

Conner  leaver  will  oppear,  and  bunt  through  the  Ihicknesi 
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olMpfved  oeer  the  recess,  to  show  their  atrength  and  vigourj 
this  is  often  been  \a  the  apricot,  peuch,  &c. ;  which  I'orin  in 
this  manner  two  little  noaegiiy«.  IF  a  strong  tatt^nitjer  be 
directed  to  the  top  of  tlie  rt^tesH  at  ihe  buck  ol*  llie  corcu- 
lum,  it  (rill  show  asmall  aperture,  tlirough  which  the  hidro* 
gen  enters  the  heart.  This  I  believe,  because  before  this 
vessel  is  seen  the  heart  never  cracks  in  the  fire,  and  the  isn>«i 
mcnt  it  is  found  the  seed  explodes. 

The  2d  class  I  have  named  folirerous.  See  fig.  7.  Every 
gardener  knows  the  seed  leaTrrom  those  seeds  that  are  not  so* 
It  is  an  emtirj'O  that  rises  out  of  the  earth  with  itacotyledoDa; 
though  they  do  not  all  appear  above  ground  ;  but  ihos* 
planls  which  have  only  two,  show  themselves  growing  up 

,  with  the  stem  for  u  little  time  at  least.  This  clius  might 
well  be  divided  into  two  targe  orders.  The  firs  with  those 
rising  plants  that  have  many  cotyledons  ;  and  those  which 
have  only  two ;  but  this  1  shall  leave  to  a  future  arrnnge> 
ment.  The  serond  class  then  consisl^  of  the  tirs,  and  a  num- 
ber of  plants  that  are  the  spontnneous  growth  of  the  soil,  the 
pride  of  the  fields,  arenariaa,  atellarius,  cinquefoils,  enphoT> 

,  biu9,  beside  all  running  and  twining  plants.  This  seed  has 
a  remarkably  small  heart,  with  a  few  points,  that  can  hardly 
be  called  leais,  though  they  seem  to  act  as  such,  having  the 
nourishing  vessels  above  them.  1'hey  have  1  believe  M'Idoia 
above  two  cotyledons,  though  we  do  know  an  exception  to 
this  rule  in  the  mustard  and  cress,  the  former  of  wbieh  haft 

le.  four,    Ihe   latter  six.      I  mentioned  in   my  Inst  letter,   that 

'''  I  would  show  the  difference  of  growth  of  a  seed-leaE 
and  a  common  seed ;  that  is,  every  seed  that  is  not  a  seed- 
leaf.  Till  the  end  of  the  second  epoch  they  e.TUCtly  re- 
semble each  other  in  their  manner  of  growing.  The  sei-d- 
lenf  then,  instead  of  shooting  out  \ii  primordial  ttavrs,  cotw 
tinuca  to  increase  its  coty/f(/oii«,whicb  grow  on  in  size,  till  lli«y 
■  urn  to  leave  the  seed,  which  they  do  in  exactly  the  seme 
riiuiiner  us  in  the  other  seeds.  There  is  little  difference 
therefore,  except  that  the  primordial  leaves  do  not  ikoot, 
tiH  they  hure^mtted  the  seed.  To  this  class  belong  most 
of  tiiosr;  plants,  which  are  found  in  tlie  class  cryptognmia 
uf  LinuKus ;  the  lichens,  Ihe  mosees,  the  fungi.  The  fungi 
1    have   not    howevtr  thoroughly   ascertained,    and    leave 
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tm  for  *  future  trial ;  nor  have  I  <liHBectcd  the  seeds  of 
e  seit-wreda. 

The  third  class  of  seei]»  is  a  numeroui  one,  and  I  have  m  c\m 
Mileil  it  The  canalhtilated.    Set  6g.  10.  It  i*  distinguished  CmUitulat.. 
by  a  larger  heart,  with  a  curious  sweep,  which  hgure  the 
teaU  follow.     The  teuli  are  numerous,  aud  have  the  nou- 
[       mhing  scaaels  above  them.     This  cla6»  takes  in  almost  bH 
^Bttie  papilionaceous,  ringent,   and   many  of  the  cnicirorni 
^^Howen.     The  fonnation  orthecorculurn  (much  as  they  may 
^Kliffer  in  each  seed)  will  still  be  found  to  have  tlie  mark  of 
^^Ihis  class;  whith  is  principally  a  deep  furrow  beginning 
with  the  recen*,  Tuning  on  to  the  end  uftheprimorilial  leaves, 
■nd  lengthening  as  the  embryo  increases.  1  havetnoorthree 
times  found  cotyledons  in  this  passage,  and  1  am  rather  in- 
clined to  believe,  that  further  search  will  ahow  more,  espe- 
cially in  the  papilionaceous,  which  is  also  distinguished  by 
a  curious  sheuih,  thai  holds  that  jelly  fuund  constantly  ia 
the  p«eket  of  the  seed,  and  against  which  the  prtTnordiul 
leaves   shoot.      But  I  do  not  conceive,  that  more  than  four 
cotyledons  will  ever  be  found,     1  have  u'  ver  seen  more. 

The  fourth  class  is  the  uonmnmniiterous,  aud  is  the  one  4ih  dui 

that  differs  most  from  the  rest ;  for  it  ha.  neither  receis,  nor  f^"^^"^" 

ttal*.     See  PI.  VI,  fi^.  l  and  -I.      The  palms,  and   grasscB. 

Ue  included  in  iliis ;    hetide  many  odd  plants,    which  it 

wimld  b«  ugelesM  id  snth  a  skttch  to  mention.     The  dimin- 

guUhing  marts  of  tiiis  cla^^s  are  the  colyleHona  piuceeding 

from  the  upper  end  of  the  corculum,  in>itead  of  the  usual 

pliice ;  this  was  the  reason,  ihat  in  the  tftasscs  botanists  over- 

hwked  them  ;  took  the  piimoriiial  Itaf  lor  the  rolyledoiis, 

■lid  named  them  monocotyledonons.  But  had  they  dissected 

ihe  inieriur,  they  would  have  found,  that  they  are  placed 

(with  respeut  to  the  primordial  lenfj  rxarlly  as  in  every  other 

Hptant;  both  rising  and  bninching  liuui  the  same  apparent 

■bMrce.     This  is  sufficient  to  prove,  that  these  little  leaves 

HfSjllways  ){iven   in   ihoie  excellent  drawings  of  Sowerby)  are 

^^Weally  the  eolyleitong  of  the  grassrs  ;  and  that  they  have  al- 

WMys  either  two  or  four,  as  well  tis  the  pulms.     The  class  it 

■also  easily  known  by  having  the  stulks  running  through  the 

a  wiihout  impedinienl  ;  and  the  nourishing  vessels 

ntrudiiig  on  one  side  of  the  heart  only,  which  has  been  the 
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cause  of  oiany  mUtakcs  t^ont-'urniiig  tlie  radicle,  nhich  1 
incntionrd  in  my  lust.  The  false  grasses,  (*uch  as  ibe  ry* 
ptrui,  /rir/tus,  caref,  &c.)  btluiig  to  tlie  first,  as  itell  an 
wlieut  and  rye;  Ijut  barley,  duIs,  Sic,,  to  th'iB.  When  atj 
plan  is  more  i)erietrted  f\/'  approvr.ii  J  1  hope  to  give  u  liil)  ' 
that  will  more  exactly  point  uut  the  Brmn^oieiit. 
ftihdau.  The  liut  class  1  have  culled  the  mixed  or  compound  Eeedsi 

'"  "■  See  PI.  VI,  fig.  3.     It  includes  most  of  ihe  water  planti, 

the  apit:e,  coti'ee,  and  bome  collon  plants.  1  hare  D*it  yet 
bet^n  able  to  acquire  furei^u  seeds  sufficient  to  enable  nie  to 
arrunge  it  witli  the  perspicuity  1  nould  nifbi  but  it  hai 
nutwithstunding  some  sliiking  features,  fully  capable  of 
marking  and  distinguiBhiiig  it  frotu  the  oihi^r  claseea :  for  it 
has  the  lurge  and  prominent  heart  of  the  first  class,  with  tli9 
ceed  leaf  of  the  secoud  ;  it  has  many  teats,  and  a  roomy, 
recess,  for  the  formation  of  the  cotyledons.  I  have  no 
doubt)  that  many  seeds  I  am  yet  unacquainted  with  »ill 
rank  iu  this  class.  The  bladder  tree  appertains  to  it,  and  a 
curious  plant  brought  me  by  a  genrletnan  from  the  East 
Indies,  nho  was  one  of  those  eii^a^ed  in  the  trigonometri' 
cul  survey  there,  uud  who  found  it  in  the  wildest  part  of 
Ihe  peninsula,  that  few  but  themselves  ever  crossed.  1  huve 
not  been  nble  to  procure  KiimphiiiK,  to  «eek  it  there  ;  and' 
can  find  it  only  in  Geiard,  who  culls  it  "  arboris  luniferd 
fiiliqtia."  Supposing  it  tittlc*known,  1  have  selected  it  ai 
an  example  of  this  peculiarly  formed  corcalum,  well  mark* 
iug  the  clans,  and  shall  describe  the  plant  also.  It  has  ■' 
pod  six  inches  long,  two  and  a  half  wide,  full  of  the  niostT 
beautiful  cotton,  weighing  nearly  a  quarter  of  a  iiound,  ana 
havinK  within  the  seed  resbel  a  number  of  ttianpulaf  bhck 
Metis,  rounded  at  the  edges.  In  disi^ciitig  this  seed,  a 
large  heart  is  found,  rather  larger  in  proportion  than  in  the 
first  class,  and  having  two  seed  leaves  of  great  length,  curl- 
ed up  very  thick,  end  the  intermediate  part  of  the  seed 
Gllfd  with  a  substance  like  floner.  On  stretching  the  ccr- 
tyledous,  they  measured  near  an  inch  and  half,  and  in  some 
•eedit  I  have  found  two  cotyledons  abmt:  end  in  mostsewilfl 
of  this  class  there  are  from/uur  to  lix.  This  tree  is  b  large 
one,  and  has  leHvea  very  long  and  slender ;  the  outside  rind 
if  thick  and  spongy.  The  flowers  I  have  not  seen,  nor  iinve 
I  r«cfi\eil 
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t  receivfrd  any  description  of  thvra ;  but  the  cotton  rcscin" 
1  silk,  and  is  more  beutitiful  ihan  that  the  lilk  wmm 
ns.      it  in  sHid  to  j^ow  uUa  in  UiintHm,   and  (o  be  much 
valued.     To  complete  llic  account  of  the  cori-iilum  and  of 
thiK  tinii  clasi  I  shall  oDly  intention,  tliut  it  hua  from  14  to 
18  I^li.  with  very  large  nourishing  vessels:  the  long  coty- 
ledon! almoiit  wholly  till  the  seeds  m  general;  und  it  ap- 
pear to  oie  an  ndilitioual  ptuof,  thai  tht;y  contrive  to  §;row 
■IS  lon^  as  ih('i>'  room  and  time  will  admit;  for  seldom  can  Simbarotea- 
^  iheie  be  t'ound  teeda  showing  a  regular  number  of  cotjte-  'Tl"'"""  u"" 
lona;   the  W);er  they  remuin  in  the  seed  vesseU,  the  more 
re  •re;  and  in  this  last  class,  the  longer  they  are. 
shall  now  give  a  few  hints  to  tliose   botaniata   timt  wish  ninttondi^ 
»  dissect  their  owD  plants,  and  to  judge  for  themselves.  «c''ng  p'*"**- 
jPulience  and  habit  are  every  thing :  perhaps  in  no  parlicu- 
>  pracliie  ti-|iay  &o  amply  as  in  this.     The  hand 
lore  delicate  in  the  touch;  and  the  eye  so  very  much 
nprovea  in  «ighl,  that  what  at  first  cunnut  be  «c<.-n  dis- 
tMliil}',  with  a  good  msguilier,   will  soon   become   plain   to 
die  naked  eye.  The  habit  of  disfecliiig  with  tbe  mouth  like- 
B'ite  all  botnuista  should  endeavour  to  learn,  for  no  instru- 
neut  can  act   like  it,  or  so  thoroughly  divest  the  seed  of 
ull  Kupetfluons  purti,  and  prepare  it  for  the  in icru scope. 

As  to  the  rules  for  diatinguiahing  these  classes,  without  Ruiei  lor  du- 
obliging  any  |ier»Qu  to  repair  to  the  solar  or  othrr  powerful  nnguiihins ih* 
lU)i:>oi<co|>e  :  the  first  cluss  is  easily  known  by  a  sinuU  mag- 
nilicr,  but  the  second  requires  some  art.  They  ore  geue- 
nlly  remurkably  small  seeds;  press  ihem  between  the  noils 
—of  your  thumb,  beginning  the  pressure  at  the  corculuot 
<ttnd  the  whole  embryo  will  slip  out  lie^tt  and  alt;  you 
•  theuonly  to  divide  it  with  a  fine  lancet.  The  third 
HI  tuust  not  be  so  tried,  but  lay  it  straight  on  your  seed 
imer;  and  pressing  a  Gat  knife  ou  it,  pass  your  lancet 
•een,  aud  it  will  always  divide  it  cxocf/y  as  it  should 
,  bbowing  the  two  principal  vessels  in  a  manner  that  will 
leh  much,  for  this  class  of  seeds  is  one  of  the  best  to 
in  dibsedion  by,  ua  there  is  no  confusion  in  the  arrange- 
l  ol  the  vessels.  They  are  at  such  a  distance  from  each 
,  that  it  is  h&rdly  possible  to  mislake  them.  I  have 
jvings  of  n  turge  sis«  of  many  of  this  class*  which  are 
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of  great  use  in  showing  tlie  formotioD  and  habit  of  a  seed, 
and  teurh  mnrc  (if  well  ttudied]  than  opy  other:  the  4th 
and  5th  clauses  are  Urge  enouijh  to  be  dissected  with"  the 
usual  instruuientf.  Bui  for  the  diminutive  eerda  larger 
powers  are  reijuired,  hs  the  powdered  lichens,  fungi,  ino: 
of  the  MDullest  kind,  &c.  It  is  beet  to  keep  these  till 
verif  ripe,  then  pluce  the  seeds  in  the  several  aliders  of  the 
solar  or  double  microscope,  and  you  will  alwiiys  fijid  twi 
or  three  opened  suflictently  by  the  heat  and  light,  to  draw 
the  figure  of  the  init-nur,  if  extremely  magniGed, 

I  shall  now  conclude  the  present  letter  with  the  explan 
tion  of  a  term  that  has  lon<;  demanded  attention,  parlic 
Isrly  on  the  subject  of  seedu,  which  it  coHcerns  greally.      I 
meun   the  word  ulbumen  or   cambium,    a  matter    found 
wherever  new  wuod   is   tu  hv  created,      Uuhamel   call 
caniliium:  Mirbcl  "la  subiitauce  organ  Isa  trice,"  and  g 
thia  description  of  it:  "  Soit  que  Ics  flujdesy  dcveloppent 
"  par  leur  impulsion   tes  cellules,  et  les  tubes;  soit  qu' 
'*  puissance  inconuue,    y  agisse  eeule  et  y  deterniine 
"  developpeiqents  ;  solt,   comme   il   est   probable,  que 
*'  deux  CBUnea  conibinees,  y  agissent  de  concert  pour  churw 


I  cannot  think  this 
perspicuity,  fur  he  doi 


1   described   with  bis    i 

show  what  it  really  is. 
Mr.  Knight  makes  it  much  more  plain,  but  thinkt  it  pro- 
ceeds from  the  bark.  Much  a»  I  have  profited  by  his 
tnarks,  which  always  carry  wiib  them  the  conviction,  that 
he  has  dt'tpli/  ituditd  the  lubject,  I  cannot  agrt 
in  this  opiniLiu.  I  have  perpetually  seen  it  grow  on  the  dry 
piece  of  a  seed  ve^el,  which  1  have  placed  iviiliin  the  gfafl 
for  the  put  pone  ;  in  the  same  manner  I  have  put  the  edge 
of  a  knife,  and  a  diminutive  piece  of  musliu,  and  found 
the  cambium  growing  on  them,  as  on  the  wood,  and  bark. 
Now  whence  does  this  substance  proceed?  from  the  juices 
of  the  plant  alone,  from  the  mixture  of  the  sap  with  the 
blood  of  the  plant,  resting  on  the  part,  and  there  forming 
as  u  crystal,  since  like  a  crystal  it  is  the  produce  of  the 
joint  juices.  But  U  ia  very  ditl'crent  from  the  jelly  found 
in  the  pocket,  which  also  has  lieeu  improp»p)y  called  albu* 
tnen,  1  shall  uow  -jive  uu  account  of  it,  describing  its  apr 
pcuranoe 
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peanince  id  the  solaf  mlcroHcope.  It  is  all  composed  of 
extremely  diminutive  netied  bags,  of  ihick  juice,  without 
,ny  vensels — in  shorl,  it  ia  the  firsi  rormation  of  the  pabu- 
um  or  aoftiT  part  of  the  »ooJ  ;  and  when  ready  preiinred 
for  ihtf  6ap  recsels,  they  shoot  their  way  through  this  Boft 
tubstance.  In  a  graft,  which  I  have  repeatedly  tie<l  up 
,  Lejiire  the  ve$»eU  had  begun  to  appear,  and  when  I 
reopened  it,  I  found  them  and  the  wood  perfectly  complete. 
2  have  taken  this  matter  from  a  grafl,  from  a  fresh  budded  Howobtaim 
jilant;  from  ihe  interior  of  a  feed,  and  sometimes  from  the 
ihootinj;  of  the  fresh  line  of  the  wood,  but  this  K  generally 
too  hasty  a  performance  to  proht  by;  the  freuh  wound  of  a 
tree  is  the  best  way  of  getting  it  (next  to  a  graft)  if  well 
preserved  from  the  air,  and  in  a  fortnight  plenty  will  be 
/ound.  But  the  specimen  must  be  quickly  taken,  or  ihe 
wood  vessels  ivill  ihoat.  This  is  the  true  cambium,  the 
■utter  part  of  the  wood,  before  the  sap  veasels  shoot.  But 
St  notice,  that  tht:  bark  is  not  made  in  the  same  mun* 
it  is  formed  ull  at  once,  soft  and  hard;  the  vesnels 
•hoot,  while  the  reit  is  forming.  Mr.  Knight  verj-  properly 
ebserves,  that  in  a  graft  the  fresh  wood  always  resembles 
exactly  the  wood  of  the  graft,  and  not  the  stock. 

Your  obliged  servant, 

AGNES  IBBETSON. 

The  five  classes  into  which  I  have  divided  the  seedSi        Cli«e««( 


Common  seed,  or  first  i 
Oak,  eh 


(amiiiiferom,  or  teat-bearwl 
ing.  See  walnut,  PI.  V,  1 
ti)(4.  I,  -2|3;  apricot,  ligN) 
4,  5,  «.  ^ 


I,  ljeech,horse-chest- 
;  rose,  luurel,  bud- 
burdock,  suotiower, 
ly  other  compound 


I,eaf-bearing  or  foliferoua.  i 
Sm  tigs.  8  Bn<l  f),  showing 
the  whole  embryo,  when' 
forced  out  of  the  i«ed  iti* 
t}ie  manner  described  u- 
tiove;  aud  fi^.  7,  the  heart, 
or  cotculura,  alone,  ' 


Firs  and  spontaneons  plants 
of  thexoil,  asarenatius,  slel. 
lurius,  (lotentillaH,  euphor- 
bias,and  many  of  the  ruuiiiug 
plants,  &c, 

Tiird 
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Third  class* 


Caniculatedy  or  channelled, , 
8o  culled,  from  a  cbanneUl 
which  begins  within  the  re- 
cesS;,  aiul  runs  on  beyond 
the  primordial  leaf.  See 
fig.  10,  the  upper  pi;rt  re- 
presieitting  the  corculum; 
the  lower,  the  whole  of  the! 
embryo  together. 


'A  numerous  class, containing 
most  of  the  papilionaceous, 
[cruciform,  and  labiate  plants. 


Fourth  class. 


Nonmammiferous,  having  no 
teatft,  and  no  recess:  dis-l 
tingiiibhed  also  b)  having 
the    primordial    leaves   as 
well  as  the  cotyledons  at 
the  head  of  the  corculuu^ 
See  PK  VI,  iigs.  1  and  2. 


Grasses  and  palms. 


Ftjih  class* 

Compound  or  mixed   se^.  (  Nymphea,coffee,sorae spices. 
See  PL  VT,  fig.  3.  \     and  cotton  tree. 

Fig.  6  is  merely  to  show  the  manner  in  which  the  stalk, 
n,  runs  through  the  corculum;  the  primordial  leaves,  e e, 
being  within ;  the  cotyledons,  c  c,  shooting  from  the  out- 
ward cylinder* 

In  all  the  figures  the  same  letters  of  reference  are  used, 
a,  the  line  of  life,  or  impregnating  duct,  b,  nourishing 
vessels*  c,  cotyledons,  cf,  the  breast  and  teats,  e^  primor- 
dial le^iyes.   /,  th^s  recess,    tt,  the  stalk. 


HI. 


-./0)« -;%- <^,^   .^^^7 


I  •  ■•. 


>* 


*       \   I. 


•       P 


t-r  . 
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Mnhod  of  ateerlainini;  the  Vahte  of  Growing  Timber  Trees, 
atdi^'erenl  and  iliilanl  Prriods  of  Time.  fiyAfr.CBAnLSl 
Waistell,  o/High  Hotbon. 

fConlinuedfrom  p.  144.y 

OliKnatioHt  on  the  Tablet  respeeting  the  Thiawng  of  fVoodt, 
and  their  Produce. 

JVILR.  Salmon  is  the  only  person  I  know  of,  who  h«»  One  f 
given  »  general  rule  for  ihiiiuiiig  planUlioits.  But  as  l[J^"|' 
conceive  his  distance  of  one  lifth  of  their  hi^'ight  would  ouks, 
leave  oaks  too  close,  especially  after  they  liud  acqiiiieii  a 
Bufficieut  length  of  ^teiD,  I  liave  calculated  both  ui>  hit  due  fa 
pUii(  which  ia  proper  for  fir  trees,  and  also  at  greater  di»- 
tences. 

The  preceding  Tables  VI,  VII,  and  VIII,  ore  calculated  T.hle 
on  a  supposition,  that  the  trei-s  are  OLver  suHered  to  bIhdiI  '"^'^  ■ 
nearer,  on  an  average,  than  one  fourth  of  their  height;  and 
allhough  the  cjuantities  of  timber  thinned  out  and  M\ 
■tauding  on  the  ground  at  that  distance,  at  the  end  of  6o 
years,  la  only  two  tiiirds  of  the  c[uariiily  according  lo  Mr. 
Salmon's  diatatice, yet  I  sn|ipose  it  will  be  {jenerally  thought 
an  ample  produce,  and  -utlit^icntly  encouraging. 

Ai'cordiiig  to  Table  VI,  which  il  calculated  for  oaks,  the  rhinr 
fir»t  thiiiiiiog  is  at  fiiteen  years  old,  und  the  second  at  "■^■ 
twenty;  but  it  is  the  advice  of  an  einiiient  piujiler,  (Mr. 
Poiitey,)  to  bi-giii  thinning  at  about  thirteen  ^ears  ^hi,  ac- 
cording to  the  slate  of  the  <  rvti,  and  to  cut  out  uoout  ISO 
po1ea  per  acre  annually,  for  the  next  seven  years.  W'llhoiit 
putting  any  value  upon  the  thinnings  before  30  jears  old, 
we  find  that  at  the  Quth  and  24ih  yeare,  the  thinnings  mca- 
•ure  945  feet,  the  value  of  wlitch.  at  alow  eslimutc,  will 
be  iuOicient  tu  repay  the  rent  and  taxeb  of  ground  of  a 
tnoderat«  quality,  with  the  expense  of  planlii,  plnntiug, 
and  aftcr-iusnageineDt,  calculated  at  5  ptr  cent  toiupounti 

\Mjen 
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IMt  af  tlini*  When  28  years  old,  and  at  the  end  of  every  fourth  year 
«jur  ata  SS  follawing,  up  to  120,  the  trees  to  be  cut  out  of  an  acre  will 
measure  from  495  to  550  feet ;  but  say  500,  at  45.  a  foot, 
ctB  an  average,  including  tire  value  of  the  bark;  this  g:ivea 
lOQ/.;  which  sum,  divided  by  4,  leaves  95/.  for  the  pro- 
duce per  acre  per  annum.  This  deserves  the  consideration 
of  those  w1)o  are  inclined  to  convert  young  woods  into 
coppices,  without  leaving  a  reasonable  number  of  stand- 
ards« 

It  may  however  be  said,  that,  as  the  trees  cut  out  in  thin- 
ning plantations  are  the  bad  thrivers  and  underlings,  their 
contents  will  be  less  than  the  average;  but,  if  we  take  their 
yalne  at  one  half  the  above  estimate,  that  is,  ader  the  rate 
of  12/.  Ws,  per  acre  per  annum  at  28  years  of  age  and  up* 
wards,  even  this  produce  must  be  thought  ample,  together 
with  the  value  of  the  trees  left  standing. 

XM^tbitotkM,  Table  VI  was  constructed  chic^ffy  with  a  view  to  oaks, 
their  annual  increase  in  circumference  varying  from  ^  of  an 
inch  to  l(  inch,  the  medium  of  which  is  I  inoh* 

XMh»  A>rfHst      Table  VII  and  VIII  were  calculated  for  nsh,  elm,  svca- 

fmmc  K«si.  more,  firs,  poplars,  and  other  woods  of  swifl  growth,  their 
increase  in  circumference  being  generally  from  1^  to  2  inches 
annually.  If  ash  trees  be  found  to  increuse  after  the  rates 
of  Hible  VII,  or  VIII,  they  must  be  exceedingly  proHtable, 
at  the  high  prices  now  given  for  that  tiaiber.  Many  other 
observations  might  be  made  on  Tables  VII  and  VIII,  but 
these  will  readily  occur  to  persons  interested  in  quick  grow- 
ing trees. 

9)i^*«a««sba       An  acre  of  trees,  increasing  after  the  rate  of  Table  VI, 

W^l^iucs.  produces  in  64  years  little  more  than  half  the  number  of 
feet,  that  another  acre  produces,  which  increases  after  the 
nte  of  Table  VII;  and  little  more  than  one  third  of  ano« 
ther,  iucrcabing  ai'ter  the  rate  of  Table  VIIIj^  in  the  same 
time. 

J^4n»aii*gc  of       In  planting  with  a  view  to  profit,  the  first  object  is  a  long,. 

llMdRpiintiag,  straight,  and  clear  stem.  This  is  most  certainly  and  speedily 
obtained  by  thick  planting  at  first,  and  not  thinning  too 
soon.  A  kind  of  competition  among  the  trees  is  thereby 
occasioned,  each  struggling,  as  it  were,  to  outgrow  its  neigh-* 
bour,  in  search  of  light,^  bcut^  air,  and  moisture^ 

ThU 
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Thu  compelition  must,  however,  be  jiidiciouely  niO<]<v- itkI  limclr 
Irated  by  timely  thinning:  u1vi«yB  lumping  the  trees  *uffi- """'""*' 
cieutly  strong  in  the  stem.  IT  they  be  »ufiV're(i  to  ttand  some 
yeara  too  near  each  other,  their  Btem«  will  becoiBc  weak,  and 
bend  under  their  amsW  tops  whtn  thinned.  Where  this  hai 
uken  place  in  only  a  small  degree,  tiiey  will  make  but  little 
progrets  for  some  yeare  afterward. 

By  the  time  the  trees  have  advanced  tofH  ot  30  feet  high  Afteit  tin* 
thi»  competition  should  cease,  if  ihey  nre  intended  to  be  cut  "^,^1^1^ 
down  at  or  before  6o  years  of  age  ;  and  they  shoul'l  then  be  crear^. 
encouraged  to  mtend   their  tops  more  in  width  than  in 
height,  strong  side  branches  beiiig  apparently  qnite  as  iron* 
ducive  as  the  leading  shoot,  to  the  vigorous  growth  of  the 
bole  below  them.     After  this  period,  the  best  rule  for  thin* 
ning  will  probably  be,  to  leave  a  clear  space  around  the  top 
of  each  tree,  iu  which  thi.'  branches  may  e^itend  themselves 
without  obitruclioii.     A  tree  thi;  top  of  which  is  30  feet  dia> 
meter,  receives  four  times  the  benefit  from  air,  rain,  and 
dew,  that  another  does,  the  top  of   which  is  only  10  fm:t 
diameter. 

■  Thetreesin  the  interior  of  young  wood; 
Iheir  boles  thun  the  exterior  trees.  And  in  a  tine  oak  wood, 
of  about  40  aeres,  divided  into  squares  by  several  avenues 
or  ridings  tTossing  each  other  at  right  angles,  I  observed 
the  rows  of  trees  next  the  avenues  much  thicker  in  their 
bolee  than  the  trees  in  the  iuterior  of  the  si^uares ;  owing, 
no  doubt,  to  their  having  more  and  larger  branches  io  ron- 
sequence  of  iheit  having  mure  room,  although  it  is  outy  ou 

Being  too  pannmonious  of  ground  seems  to  me  a  great  A'lvDntage  of 
and  very  general  errour.  If  (lie  Kurac  number  of  trees  of  I'lin  "ood*. 
32  feet  high  and  upwards,  in  Table  VI,  were  alloned  the 
Bpace  of  two  acres  instead  of  one;  and,  in  consequence  of 
their  standing  thinner,  weie  to  increase  aunuully  only  the 
fiftieth  part  of  an  inch  more  in  girt,  than  they  would  do  if 
they  stood  on  one  acre,  thid  sninll  oddilioiial  increase  in  girt 
would  pay  an  ample  rent  for  the  additional  acre. 

In  the  year  179'  &  paper  of  Observations  on  the  Propa- 
gatiOQ  and  MauBgement  of  Oak  Tiess  in  general,  but  more 

,,»,t,«i.,ij 
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p^eularly  applying  to  his  Majesty's  New  Forest  in  Hadip« 

shire*  was  published  by  T.'Ni^bols,  Purveyor  of  the  Navy 

(or  Portsfuoulb  Dock-yard. 

lu  this^  paper  it  is  said,  that  **  there  are  to  be  seen  ia 
^  nany  parts  of  the  forest  from  40  ta  50  fine  oaks  standifi^ 

oa  an  acr^  that  will  measure  one  with  another  two  loads  a 

tree.'* 
)n>ilf<roim  ^*  Severi^\  woods  iu  the  fb*-e8t  are  almost  ruined  for  want 

»^lscii|pgia    of  tljinniiig,  uud  it\  beinp:  cioae  at  proper  tiim«;  purlieu- 

larly  the  cndosures  that  were  made  in  the  year  170O; 


these  were  originally  well  planted,  and  great  numbers  of 
trees  brought  up  in  them»  which  now  remain  so  close  toge^ 
tber,  that  they  are  nearly  stagnated,  particularly  io  $ali»% 
bury,  Trenvh,  Brim  ley  Coppice,  and  Wood^dlejr ;  and,^ 
although  it  ttf  [)(\  years  KJiice  they  were  planted,  the  trees 
wiM  not  meu>uie,  <me  wiih  aiiothvr,  above  six  or  seven  feel 
a  tree;  whereas,  if  the  ba.-^iniss  of  thinnins;  had  been  done 
aaitou^nt,  the  remaitiin^  trees  (after  'irawinv  much  useful 
timber)  would  by  tli.s  time  have  been  of  u  size  nearly  lit 
for  nn%'al  uses ;  us  in  some  of  the  woods,  that  were  planted 
at  the  sam^e  time,  the  trees  which  have  hud  room  to  expand,^ 
auid  a  free  air  admitted  to  them^  wijl  measure  fioni  70,  toi 

Ohsewatimts  on  Me  Growth  of  Timber. 

1iifrHer.|fmw»  l^e  rin^s  observable  in  the  transverse  section  of  a  tree  u* 
yjipkeii  oD,thc  j^g  bpt-endare  the  same  in  number  as  the  years  ot  its  ap:e  ; 
3^n^  an  additional  rijis^  being  produced  annually,  in  cousequeuc 

of  the  q,nnnal  rijrinp  of  the  sap.  The  rin;;s  are  nearly  con- 
centric in  trees  that  have,  grown  in  the  interior  of  cIosl 
shady  woods,  but  eccentric  in  others,  beinaj  of  different 
breadths  on  the  northern  and  sot  tU  tu  sides  of  such  as  have 
grown  sin^le,  or  in  any  other  situation,  where  their  bolea 
have  been  much  expp^edto  the  rays  of  the  sun.  This  dif- 
ferer.^e  is  occasioned  by  the  different  degrees  of  heat,  ta 
which  the  opposite  skies  of  the  bples  of  trees  are  exposed^ 
And,  indeed,  we  find  these  rings  are  qJways  broadest  ou 
ijiat  aide  of  the  bole  or  stem  most  warmed  by  the  suq* 
\lenc^  we  see  thi^  utility  of  exposing  thur  boles  as  mucK 


Mtttoft  6t  vittjiiia  sR&wmi  ttiHtik  iti§ 

«8  (Possible  to  its  rays*.  It  is  often  aecti  in  the  stoittpt  df 
Irtfcs  that  have  stood  siogle,  ti:at  they  ha%'e  grown  nearly 
twice  as  fast  on  thesouttit^m  vide  as  on  Uie  nortbttrn^  their 
pith  being  so^nuch  neurer  to  the  northern  sid^e. 

It  iss  however,  to  be  reniurked,  tlmt  the  wood  from  tWt  bbt  tt)e'<frd(Al 
mde  of  a  trire,  which  has  grown  the  ttlowetit,  is  heavier  than  i^^,-^ 
frtoin  the  oppottite  side,  wiiich  has  grown  tne  iuste&t;  and  it 
is  probably  stronger  in  tlie  same  decree* 

It  may  be  worth  the  consideration  of  those,  whb  have  t^hntatidn  \tf 
Southern  hangs  or  declivities  to  plant,  whether  to  plant,  JJ*^!^*"* 
or  rather  leave  the  trees  in  thinnin!r«  in  double  tows  in  lines 
running  eti&t  and  wes»t,  at  about  fourteen  or  t»ixtevn  feet  disa! 
taiice,  and  the  double  rows  at  about  thirty-^ix  feet  distance^ 
less  or  moret  according  as  the  declivity  is  more  or  it*ss,  in 
order  that  their  boles  may  receive  the  greuteat  possible 
benefit  from  the  direct  rays  of  the  sun. 

No  doubt  many  gentlemen  are  in  possession  t>f  facts^  thAt  fid*  mpeeis 
would  in  some  degree  abcertain  how  uiuch  faster  the  boles  *%he*un"oh 
of  trees  swell,  that  stand  exposed  to  receive  the  full  benefit  trete  wsmt^ 
of  the  warmth  of  the  sun,  than  those  that  are  either  par& 
tially  or  constantly  in   the  shade.     I'o  make  these  facta 
known  would   materially  Itenefit  planters;  for  I  am  fully 
persuaded,  that  there  are  but  few  persons  apprised  ofthli 
magnitude  of  the  power  of  the  sun's  rays  upon  the  boles  ot 
trees  inxrausing  them  to  swell. 

Of  ike  most  profilcble  Length  6/ Botes  bf  Treesi 

We  rarely  «ee  timber  trees  pruned,  and  still  more  rarely  (Jautfohl  vm 
do  we  see  the  pruning  performed  in  a  judicious  manner,  pruning  furc*l 
This  business  should  coinnieiicc  eurly,  never  suffering  the 
branches  on  the  intended  stem  or  bole  to  grow  to  a  large 
sise,  in  order  that,  when  cut  oH\  tlie  wounds  may  be  small 
and  soon  healed.  Those  who  want  directions  for  perform* 
mg  the  operation  luay  think  well  to  consult  Mr.  Pontey's 
Forest  Pruner.   There  are,  however,  divers  opinions  as  to  the 

•  On  a  hot  day  in  tlie  middle  of  Majr  1  have  obsenred  the  mercury  n/r,  ...^    i- 
in  the  thrinionieter  to  rise  and  t'.ill  from  twcJTe  to  sixteen  degrees,  on  heat  on  the 
hanging  it  altcrnat  ty  on  tho  sunny  and  ^hady  sidc<;  of  the  s£ me  tree,  two  sides  of  a 
between  the  hours  of  Uvo  ai:d  five  o'clock,  at  which  time  of  the  day  the  '**^' 
hcMt  is  ^Qne  a!iy  the  ^:  latest. 

ttlOSi 
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most  profitable  height,  to  which  trees  ought  to  be  pruned, 
and  the  initruiDeuiti  most  proper  for  pruniit);;  some  persons 
objecting  to  the  use  of  the  nuw,  unless  afterwurd  sinootbed 
by  the  knife;  and  not  &  few  objecting  to  pruning  in  any 
way  ;  the  consequence  of  which  is,  that  we  often  find  tree« 
that  stand  sini^le,  pariicularly  oaks,  with  Mn  not  mote 
than  six  or  eight  feet  high,  but  with  «iile  spreading 
bnnhy  lops,  fit  only  lor  the  fire.  The  shade  and  drip  of 
one  such  tree  U  sometimes  found  to  do  more  injury  than 
four  well-trained  trees,  and  perhaps  it  is  not  of  half  the 
value  of  one  of  them.  On  the  contrary,  trees  in  close 
ptantalions  are  often  suffered  to  stand  so  much  too  thicic 
as  to  destroy  each  other's  branches,  excepting  only  a  few 
small  ones  near  their  topa ;  and  not  unfrequently  we  see 
tall  elms  trimmed  up  to  within  a  few  feet  of  their  summils— 
it  is  certniu,  that  such  trees  must  swell  very  slowly  in  their 
boles;  for  we  find  in  woods  where  the  trees  are  al!  of  the 
Eame  age,  that  those  with  the  largest  tops  have  generally 
the  thickest  botes. 
Proper  lergih  There  is  no  doubt  a  medium  length  of  bole  for  different 
^imie,  kinds  of  trees  on  diflrrent  soils,  that  will  be  found  produc- 
tive of  more  timber,  or  timber  of  more  value,  than  botes 
that  are  much  longer,  or  much  nhoiier.  And  although  we 
may  not  be  able  previously  to  decide  wiih  certainly  what 
thai  exact  length  of  bole  is,  in  any  kind  of  trees,  on  any 
soil,  which  wilt  eventually  prove  most  profituble,  yet  it  is 
deserving  of  investigation,  if  we  can  thereby  approach  with 
certainty  lo  within  a  few  feet  of  the  exact  puiiit.  it  is  cer- 
tainly a  matter  of  too  much  importance  lo  be  left,  as  It 
generally  is,  to  each  individual  woodman  to  decide  upon, 
according  lo  his  own  va^ue  opinion.  1  shall,  therefore, 
take  the  liberty  of  staling  by  whut  steps  I  have  endeavoured 
to  approximate  towards  the  most  profitable  lengths  of  boles 
of  trees  of  different  rales  of  growth,  that  are  not  intended 
to  stand  beyond  the  uj;e  of  sixty  years. 
1  In  the  preceding  tables  the  trees  are  supposed  to  be 
measured  lo  the  top  of  the  leading  shoot,  but  in  the  fol- 
lowing lablf;s  only  to  the  height  of  their  boles  of  24,  39t 
|ind  40  feet, 
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TABLES  showing  the  Inereafe  of  BdLCB  ^  Trees  V 

diffisrcnt  Lengths. 

If  a  trefe  tiaA  incv^aeed  twelve  inched  in  height  and  one     Table  Id* 
in  circumference  annually,  until  it  is  twentyfour  years  old,  ^^bcSw* 
it  will  then  be  twenty-four  feet  high,  and  three  inches  gttt 
at  twelve  fe«:t  high  ;  and  supposing,  that  in  process  of  timu 
this  tree  is  pruned  up  so  as  to  leave  the  bole  twenty-fbuf 
feet  high  clear  of  branches,  and  that  it  continues  increasing 
one  inch  in  circumference  annually ;  the  rate  per  cent  pet 
annum  of  its  increase  will  be  as  under,  exclusive  of  the  in*   ' 
crease  of  limber  in  its  top  and  lateral  branches* 
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Table  tl.         But  if  a  tree  iaoreahe  l^  inches  in  height  and  one  inch 

On  thelungth  \q  circumference  aanually,  until  it  is  32  feet  high,  and  in 

^     ^  procesA  of  time  the  hole  he  pruned  up  to  this  height,  the 

rate  per  cent  per  annuni  of  the  increase  of  this  bole  will 

be  tiH  under,  exclusive  of  the  increase  in  its  top  and  lateral 

branches* 
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But  if  *a  tree  increase  12  inches  in  hei^hl  and  one  inch 

On  the  length  ^^  circumfcreMice  annually,  until  it  is  40  feet  hii^h,  and  in 

of  boles.  process  of  time  the  bole  be  pruned  up  to  this  height,  the 

rate  |>er  cent  per  annum  of  the  increase  of  this  bole  will  be 

as  under,  exclusive  of  the*  increase  in  its  top  and  lateral 

branches. 
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fTo  be  concluded  in  our  next,  J 


IV. 

Demonstration  of  a  curious  Numerical  Proposition ^  btj  Mr. 
P.  BAHLOWy  of  the  Royal  Militanj  Academy^  Wool-* 
wichm 


Proposition. 


T 


HE  equation 


jr»  +  y»  =  s» 


No  povev  but 
the  sqoarie  di- 
visible into 

is  always  impossible  either  in  integers  or  fractions,  for  l"^^'^^^    . 
every  value  of  n  greater  than  2.  nation: 

This  theorem  is  one  of  the  most  interesting  in  the  theory 
of  numbers,  both  on  uccouiit  of  its  hiinplicity  and  gene« 
rality,  and  the  celebrity  of  those  mathemuticiuns,  ^ho  have 
attempted  its  demonstratiou.     The  theorem  itself  is  due  to  a  proposition 
Fermaty  who  first  proposed  it  as  a  challenp^e  to  all  the  Eng-  ^^  ^'ermaiV, 
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lUh  mathematiciaDi  of  his  time;  he  alto  iDtrodoces  it  io  ir 
note  at  page  6 1  of  hit  tdition  of  Diophantus  in  the  follow* 
ing  terms. 

**  Cubum  Auiem  mi  iuot  cubo0f  aiti  quadrato  quadfatuiU 

in  duos  quadtato  qumdrmiott  et  generafiter  nuiiam  in  infinitum 

ultra  quadratum  potesiaiem  in  dmot  ejUsdem  nominis  fu  est 

tUvidere^  cujnt  ret  demonstratumem  mirabiiem  sane  detexL 

Hanc  fnarginis  exiguitas  ndn  caperei.** 

who  nrrer  From  which  it  appears^  that  he  was  himself  in  possession 

dwSSuluon.  ^^  *®  demoDbtratioa  ♦,  though  it  was  never  published,  nor 

'  has  any  mathematician  since  his  time  been  able  to  restore 

ity  notwithstanding  they  have  succeeded  in  d^modstruting 

many  other  of  his  propositions* 

Enler  dethoUo       Eul^r  was,  I  believe,  the  first  who  undertooh  this  task, 

Btrate^itintwo  ^^^  succeeded  in  demonstrating  the  impossibility  in  the  two 

cases  n  =  3,  and  n  =  4 ;  that  is,  that  the  equations  x^  + 

y^  zz  z^  and  x^  +  y^  :z  i^  are  impossible^    and   the   same 

two  cases  have  also  been  demonstrated  upon  similar  pHn* 
M  did  Waring  ciples  by  Waring,  in  his  MediiatUmes  AlgebraicaSf  and  by 
md  Legendre.  Legendre,  in  his  Essai  sur  la  Thime  des  Nombres,   the 

latter  author  concluding  his  chapter  by  the  following  re« 

mark. 

**  Nous  avons  dimontri  dans  a  paragraphif  que  Fiquation 
X*  +  y^  =:  z^  est  impossiblif  ainsi  t equation  x^  +  y*  =  2%  ei 

i  plus  fort  raison  x*  +  y*  z=  a^*    Fermat  a  assuri  de  plus 

[Ed.  de  Diuph.  page  6l)  que  tiquatian  x"  +  y»  t:  s",  est 

giniralement  impos(ible,  lorsque  n  suppasse  i ;  mats  cet  pro" 
position^  passe  le  cas  n  ==  4,  est  du  nombre  de  cellcs  que 
restent  d  dimontrcr^  et  pour  tesquellcs  les  mlthodcs  que  nous 

MUflkp  in  a        ^  I  ought  here  to  correct  an  errour,  that  I  fell  into  in  one  of  the  note^- 

note  to  the        to  the  second  English  edition  of  Euler*s  Algebra,  where  in  inentioniiig 

Jfinslatlon  of    ^i^  theorem  I  have  ni4«  «*  and  the  truth  of  it  itttll  rcsta  on  no  other 

v'  ^       founiUtion  than  the  l>are  aflMrtion  of  Fermat,  who  probably  had  nevec 

«!emon5;ira(ed  it  himself."    1  was  led  into  thi«  expression  by  writing  the 

note  in  quejuion  from  menory  only,  net  recollecting  at  ilie  same  time 

tti<*.  concluding  part  of  his  sentence,  where  he  so  positively  arterts  his 

being  in  poss«!9&ion  of  the  demonstration :  and  z%  it  w«ii;  by  no  means  my 

intetitioa  to  ir.i|:each  the  Teiacity  of  this  distinguished  grumcter,  I  ought 

^n  ju>{fce  to  bi:  mcmo^  to  cofTcct  the  mistake. 

tenons 
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wenont  d'fxposer  paroiitmt  in*uffi$anta."  (Page  410,  Ettai 
tar  /«  Tbeorit  de$  Nombra.J 

This  therefore  being  the  BUt«  of  the  propMition,  the  fol- 
lowing ^neral  lieiuonstratToni  for  erer^r  pma'ible  in(e)2;er 
value  of  ti,  s;reBter  than  2,  will  not,  it  is  presumed,  be  un- 
acceptable 10  tlic  lovers  of  this  interesting  brem-h  of  ana* 
lyai^ ;  before  eiiieriDg  tijioii  which,  however,  at  length,  it 
will  be  pru|!cr  to  make  a  few  preliminary  observstions  oa  the 
geiieml  equation,  in  oider  to  render  the  demoastratioii  as 
■ioiple  and  concise  as  possible. 

1.  In  ilemonstrating  the  impossibility  of  the  equation  Obterrulon 
«"4;y  =  *",  it  will  be  sufficient  to  consider  n  as  a  prime  ^"J^^^l"" 
number.  For  suppose  n  be  uot  a  prime,  but  equal  Iv  the 
product  of  two  or  more  prime  factors,  m  n^  pq,  then  ihe 
equation  becomes  *N  +  yW  =  iPI  —  (j:f)S  +  [iff)t  =  («']', 
being  a  similur  equation,  in  which  the  power  9  is  a  prime 
number;  and, therefore,  if  the  equation  be  possiblewhen  n 
is  a  composite  number,  it  is  aUo  possible  for  a  prime  power; 
and  conversely,  if  the  equation  be  impossible  when  the 
power  is  a  prime,  it  is  also  impossible  for  every  composite 
power;  we  shall  therefore  in  what  follows  consider  n  as  a 
prime  number. 

S.  We  may  alwnys  suppose  i,  y,  and  x  as  prime  to  each 
other;  for  it  is  evident,  in  thi'  Srat  place,  that  two  of  these 
uuDibers  citn not  contain  u  common  divisor,  unless  the  third 
contiiius  the  some.  Suppose,  for  example,  that  x*  and  y* 
contained  any  common  divieoi-,  as  9,  und  that  i"  did  not 
contuiu  the  same,  then,  in  tlie  equation  i"  -|-  y"  —  j°,  we 
should  have  Ji^+y  divisible  by  p,  but  the  equal  quantity 
f  not  divisible  by  it,  which  is  absurd;  and  the  same  rofty 
be  shown  if  any  other  two  of  ihe^e  autniiiies  are  xupposed 
to  have  a  common  divisor  which  the  thinl  has  not.  And  if 
they  hsve  all  three  the  same  L-ommon  divisor,  at  x  =  fi, 
y  =  9_7,  and  zrrfi,  then  the  equutiou  becomes  ^  i*  + 
^ y  —^  si",  or,  dividing  by  the  greatest  common  divisor, 
i'  +}"  =  i"  :  if,  ihetefore,  the  equation  V  +  y"  =:  ^  be 
IMHsible,  wlien  x,  y,  and  I.  have  a  common  divisor,  it  ii 
alw  pu»itile  after  being  divided  by  that  commuii  divivor. 
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&nd  in  which  hitter.  equatiiHi  the  three  l^esnUin^  qoantities» 
Xf  y^  nudzf  are  prime  to  each  <>theri  and)  cbnvbrseljr,  if 
the  lattc^  beioipo^itil?;.  ih^iKirmer  is  impossible  also;  we 
shall  therefore  oojiy  considht  the  case  in  which  x,  y^  apd  z^ 
ate  prime  amongst  theiiiseli^ef* 
3.  It  will  be  sudicieot  to.  comikler  the  ambiguotis  sigo  + 

under  either  of  its  forms  4-  or  ^^ :  for  if  the  equation  j^  -f 
^=ra*  be  possible,  so  ako  is  the  eqtiation  x"— y'jtfx"! 
aAd  if  the  equation  be  impossible  under  the  latter  ,form,  it 
is  likewise  impossible  under  the  former* 

We  shall  therefore  limit  our  demonstration  to  the  equa« 
tion  4:"  —  y"  ±:  z*.,  in  which  n  is  a  prime  number,  and  «,  y, 
and  jiy  tiumbf^rs  p.rim^.  to.  each  other:  the  impossibility  of 
w|uch,  from  what  is  shown  above»  involves  wfth  it  the  im^^ 
p039ibiUty  of  the  general  equation  jt^  +  y"  — :  a",  when  x,  y, 

and  z^  are  any  nnmbers  whatever,  and  n  any  nomber  e3C- 
cept  2/  Of  some  pow^r  of  3.  Now  with  regard  to  nzzQ^ 
^  we  know,  that  the  equation  is  not  impossible,  and  tbe  case 
of  II  n 4  has  been  demonstrated  to  be  impossible  by  Euler, 
and  others;  and  this  latter  case  involves  that  of  every  higher 
power  of  2,  thus  jt*  +  /  =  ^»  =  \xy+  (y*)*  =  (z*)^;  which 

being  impossible  in  the  latter  form,  is  necessarily  so  in  the 
former:  and  in  the  same  manner,  the  impossibility  of  the 
equation  for  any  higher  power  of  9,  may  be  shown  to  be 
involved  in  that  of  n  =  4:  it  is  evident,  therefore,  that  our 
equation,  together  with  that  of  n  =:  4,  involves  every  possv* 
)^le  value  of  n  greater  than  3. 

Lhnma  1«* 

a         ,  i 
teiaifak  I.  If  tliere  be  two  fractions,  as  *-,  and  — ,  each  in  its  low* 

est  terins^  and  of  which  the  denominator  of  the  one  con-^ 
tains  any  factor  not  common  with  the  denominator  of  the 
other;  then  I  say,  that  neither  the  sum  nor  difference  of 
those  fractions  can  be  equal  to  a  complete  integer  nQm- 
ber. 

Let  -r   and  =^  be  anjr  two  fractions  in  their  lowest  terms, 

!m  that  •  is  prime  to  A,  and  b  prime  to  B,  also  suppose  B 


to  eoniaio  k  factor  t,  as  B  =:  i  B',  which  U  not  conlained  !n 
A  ;  then  I  wy,  thut  —  +  — rp  r:  n  aa  iuteger,  U  impos&H 

;,  ft  B/B'+JA 


which  cannot  be  i 


ger,  bectitiae  it  it  were,  the  numerator  atW  +  b  A  noul^ 
be  divisiltle  by  the  d^nomiiiulcir  A  I  B',  und  consequeDtljr 
fty  any  6ue  of  the  faciors  of  that  denominutor,  as  ( ;  hut 
the  nnmerator  a  1  B'  -t- 1  A  it  not  diviMlile  by  t,  for  since 
the  first  term  at  B'  is  divisible  by  /,  the  swrood  term  t  A 
miiBt  also  be  divisible  by  I,  \t  ibe  whole  quantity  was  lu; 
hut,  £  A  ii  not  diviiiblc  by  (,  ("Euclid.  26, 7)  because  both  & 
and  A  are  prime  to  I  by  iht  supposition;  since,  then,  ofB' 
in  diviMble  by  t,  but  A  A  not  divisible  by  it,  therefore  th« 
whole  quantity  f(B-\-  b  A  is  not  divi»tble  by  (,  and  coaav 

atB±bA        ^  I 

qnently  ir-ir. —  **  -r  +  ~s  cannot  be  equal  to  an 

*.  AfU  A   —  (n 

integer.  Q.  E.  D. 

Cor.  In  the  utaie  iDanner  it  nay  be  ahewu,  if  ther« 
be  any  number  of  fractionH,  each  in  their  lowest  terms, 

at  — •  -^  7^*  ^^''  *""'  "'^  which  one  of  the  denoniinatora 
contain  a  factor  that  is  not  common  to  all  the  other  deno- 
minatoni  that  neither  the  Bum,  nor  difference  of  those 
fractiaaS)  any  how  combined,  can  form  an  integer;  that 

'••,  -J  +.  jj-  +  ^  +  &  ^  =  W  on  integer,  i>  impossible. 

If  any  Jiower  of  a  nmnT>er  A,  as  A",  be  dlvitibte  by  any  i^niiaa  a. 
other  number  r,   one*,  and  after  that,  neither  by  r,  nor 
by  any  factor  of  r,  then  will  r  itself  be  a  complete  11  th 

First  if  A  be  ft  prime  number)  then  A"  can  only  be 
divided  by  A,  or  some  ^ower  of  A,  that  is  r  must  be  aome 
power  of  A :  but  if  A*  be  divided  by  afiy  power  of  A  lesa 
than  A"]  it  is  evident  that  the  quotient  will  itiU  be  divisible 
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by.  A ;  but  by  the  snppositiiQn  tbt  qaptient  19  not  again  divi* 
sible,  either  by  r»  or  by  any  &€tpr  sS  r,  therefore  r  must 
in  this  case  be  equal  to  A\ 

Again,  if  A  be  not  a  prime  number ;  let  it  be  refiolved 
into  its  prime  factors,  as  A  r=  a  ^  c,  ^c.,  or  A"  z=  a"  b^  c", 
Jkc.  Now  if  A"  =  a""  i"  c",  &c.,  b^  divided  by  any  power  of 
a  less  thun  a"|  the  quotient  Ivill  be  agc^in  divisible  by  a ; 
and  in  the  same  mauqer  if  it  be  divided  by  any  power  of  b 
less  than  6°,  the  quotient  will  still  be  divisible  by  b,  and  so 
on  of  any  other  divisor  that  is  not  a  con^plete  nth  power; 
and,  therefore,  conversely,  if  A"  be  divisible  by  any  other 
number  r,  ottctf,  and  after  that,  neither  by  r,  nor  by  any 
factor  of  r,  then  must  r  itself  be  a  coo^plete  nth  power* 

Q.  E.  D. 

Lemma  3. 

Lcaimt  9»  In  the  expanded  form  of  the  binomial  (p  -{•  qYt  when 

n  is  a  prime  number,  each  of  the  coefficients,  except  those 
of  the  first  and  last  terms,  are  divisible  by  n. 
For  eac|)  of  the  coefficients  is  of  the  form 

n  .  (tt  —  1)  .  (n  —  2)  kc.  (n  —  r) 
1'    .     2     .     3      &c.       r+  1 

which  is  always  an  integer,  from  the  nature  of  the  bino« 
mial;  and  since  n  is  a  prime  number  it  is  not  divisible  by 
any  of  the  factors  in  the  denominator,  which  are  all  less 
than  n,  except  in  the  coefficient  of  the  last  term,  which 
^  does  not  enter  into  our  consideration,  the  coefficients  of  the 

first  and  last  term  being  excepted  in  the  proposition. 
Since  th^n 

ft  .  (n «—  1)  .  (n  —  2)  &c*  n»^r 
1     .     2     .3       &c.      r  +  1 

is  an  integer^  and  n  l^  prime  to  all  the  factory  in  the  do-' 
nominator,  therefore, 

(n~n  .  (n  — g)&c.(tt.^r)  _ 
2    •      3      &c.      r  +  I  •" 

10  also  an  integer,  and  consequently 

f> ,  (tt  —  1)  .  (n «—  g)  &c  (n  —  r)    _ 


1.2      .     3    &c.     (r  +  1}  """^' 


that 
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dial  is,  each  of  the  corflicienU,  except  those  of  the  first 
and  last  terio,  U  of  the  furm  »  e^  wd  is  therefore  divUibk 
by.. 

Q.  E.  D. 


199 


Cor.     We  may  therefore 
>]uirea  it,  write 

(.P  ±_  7,)'=:p°_+«j>"-'?  +  nrtp°-'9' +  nftp«-*5- 
+  np  ^"-'  +  f,  a  being  an  ioteger  prime  namber. 


all  cases,  where  brevity  re-  CarollaTj, 


Proposition  1. 

If  the  equation  x°  — y  ^  s"  be  possible,  then  one  of  the  Fropwician  1. 
four  fuUoffiDg  conditions  must  obtain  ;  viz., 

(x  —  y  =  f  fi  — y  =  n-'r"' 

lit.  ^j:  — 5  :=  *-  2A.    ix  —  t  ~      *" 

Ci  —  y  —  f  Cx~~y  —  i' 

3d.   <x — «  =»"''i"         4th. -i  «  —  z  =  *" 

(y  +  B  =  C  (y  +  z  =  n'7'(- 

irhere  r,  s,  and  (,  may  represent  any  numbers  whatever, 
indicating  only,  that  [x — y),  (jf  —  z),  (y  +  «),  &c.,  are 
complete  «th  powers,  or  that  they  are  of  the  form  r",  j",  *•, 
&c. :  which  proposition  [  first  demonstrated  in  the  Sd  edi- 
tion of  the  English  translatioa  of  Euler's  Algebra, 

Now  from  what  we  buve  before  observed,  i,  y,  and  r,  Demaiuin- 
may  be  considered  as  prime  to  each  other,  and  since  '  >  y, ''°"' 
inake  x  ^y-\-  r,  thou  Mnce  j;  is  prime  Id  y,  r  must  also 
be  prime  both  to  x  and  y;  for  if  y  and  r  had  a  commoa 
tncaiiire,  jf  must  have  the  same,  because  t  :=  y  +  r,  »nd 
if  r  aud  z  had  a  common  measure,  y  must  huve  the  tame, 
■itice  X  — T  r  =  y ;  therefore,  as  x  is  prime  to  y,  r  is  prime 
to  both  j:  and  g,  Now  substituting  (or  f  our  equvioQ 
becomes 

(,  +  r|--jr  =  ,-", 
rrom  the  devclopement  of  which,  and  substituting  for  the 
co«ffideat  of  (y  -j-  r]" 

I,  n,  II  a,  n  (,  &c.,  »a,  n,  I  (Cor.  Lem,  9J)We  obtain 
■J 


-«•% 
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»y"-V  +  «fly""*r«  +  n^y»7»r»,  &c.,  ny  f*-^  +  r"  =  «", 

or 

(« 5?'-'  + Mil y»-«r  +  n5y^-*rS&c„wy  !''*•«+»'■■*)  r=2". 

And  here  jt  is  evident,  that  the  first  side  of  the  equation  is 
divisible  by  r,  once,  and  after  that,  neither  by  r,  nor  by 
any  factor  of  r,  except'n  be  one  of  its  factors,  in  which  case 
the  first  side  is  divisible  by  n  r»  oncef  and  after  that,  neither 
by  N,  nor  r,  nor  by  any  factor  of  r;  because  the  first  term 
^°7^  has  no  comraon  measure  with  r,  but  all  the  rest  of  the 
terms  have;  and,  therefore,  the  whole  quantity,  taken  col- 
lectively, has  no  common  measure  with  r«  And  the  same 
must  necessarily  be  true  of  the  equal  quantity  «",  namely, 
that  it  is  divisible  by  r,  once,  and  after  that,  neither  by  r» 
nor  by  any  factor  of  r,  unless  n  be  one  of  its  factors,  in 
which  case  it  is  divisible  by  n  r,  once,  and  afler  that,  neither 
by  II,  nor  r,  nor  by  any  factor  of  r ;  therefore  r,  in  the  first 
case,  and  n  r,  in  the  second  case,  must  be  a  complete  nth 
power  (I^mma  2] :  but  if  rn  =:  ^,  n  must  be  a  factor  of 
fi,  that  is  ^  =:  M  f ',  therefore,  rn  zz  m"^'°,  or  r  =  «°-'^'", 
that  is  r  =:  *  —  y  must  be  of  one  of  the  former,  9",  or 

And  it  is  evident  that  we  should  have  been  led  to  the 
same  result,  if  we  had  coosidered  the  equation  under  the 
form 

*"  —  3"  =  y", 

namely,  that  x  •—  2r  must  also  be  of  one  of  the  forms  9* 

or  n"-V* 

If  we  investigate  the  same  equation  under  the  .form 
y"  +  r"  =:  ar",  and  make  y  4-  z  z=  1,  or  9  —  y  =  *,  we  shall 
find  that  1  is  prime  to  both  y  and  z,  for  if  s  and  y  had  a 
common  measure,  z  must  have  the  same,  and  if  s  and  z 
had  a  common  measure,  then  y  must  have  the  same,  be- 
cause 1  —  z  zzy;  since,  therefore,  y  .and  z  are  prime  to 
each  other,  4  is  also  prime  to  both.  Sul^stituting  there- 
fore for  z  as  above,  our  equation  become? 

{*  — y)"+y"  =  *^ 

Or  by  expanding  the  binomial  {s  —  y)"  and  substituting 
for  the  coefficients  as  before^  we  obtain 
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«•  — .  n  /»-"y  +  n  «  ^'*y*  —nb  jP-'y*  +  «cc  «  *y*-*=x»^ 
or 

(J"-*  —  n  *"*»y +«  a  a"-'y'  —  »  6  «"T*y»  +  &c.  n  y»-*)  i=*^ 

And  here,  from  the  same  reasoning  as  that  employed  above* 
we  find  that  s  must  be  of  one  of  the  forms  f,  or  nf -'f'". 
Hence  then  if  the  equation 

4p"  — y"  zza^ 

be  possible,  the  following  conditions  must  obtain,  vi2« 

The  difference  of  the  roots  jc^«y,  of  the  form  r"  or  li"*'  r*. 

The  difference  of  the  roots  j>— 2r»  of  the  form  «■  or  n***  sK 

T^he  fum  of  the  roots  y+ar,  of  the  form  !■  or  fi*-*  l\ 

But  since  (x — ^y)  or  (* — z)  and  (y+z)  are*  respectively  di* 
visors  of  the  three  nth  powers,  s";  y<*,  and  x'l  and  since  these 
three  quantities  are  prime  to  each  other,  their  divisors 
must  also  be  prime  to  each  other,  and  consequently  only 
one  of  these  can  be  of  the  latter  form  above  given,  as  they* 
would  otherwise  have  a  common  divisor  n.  Therefore,  if 
the  equation  be  possible,  we  shall  have  either 

«h— y  of  the  form  r" 

y+z £• 

or,  two  of  these  quantities  will  be  of  this  form,  and  the  third 
of  the  form  n^-'f"  which  evidently  resolves  into  the  four 
following  caseb,  one  of  which  must  necessarily  obtain  if  tl>e 
equation  jc* — ^y"— «"  be  possible,  viz. 

i  x  —  z  iz  s* 


{ 


( J^  — y  = 

2nd.  ^  x  —  z  = 


Jst,  ^  X  —  z  z:  *■  2nd.  <  x  —  z  zz  5" 

fx  —  yzzr^  fx  —  y  :=  r^ 

3d.  4  X  —  z  zz  wn-'d«  4th.  4  x  —  x  =:  5" 

[y  4-  s  =  i»  ly  -i-  X  =  n"-»/* 

Q.  £.  D. 

Proposition  2.  ^ 

The  equation  x" — y^zzz^  is  impossible  in  integers,  h  be-pj^p  j^ 
ing  any  prime  number  greater  than  2. 

We  have  before  observed  that  x,  y,  and  x,  may  be  const-  t)emonstrs- 
dered  as  prime  to  cuch  other,  and  by  the  foregoing  prop,  it  tion« 

is 
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1h  fhowBy  that,  if  the  eqaation  be  pogsible,  one  of  the  four 
following  conditions  must  obtain^  viz. 

lit  <  Jf  —  a  =  «•  2nd  <x  —  «  =  y* 

(y +  «=:<■  ly^zzit^ 

ix  —  yzif^  fx— y  =  r° 

3id  ^  X  —  r  =  n"*  V  4tn  ^  x  —  r  =  5" 

(y +  2=:/'^  (y  +  ar  =  n"-'l« 

But  at  present  we  shall  only  consider  one  of  those  caseii,, 
for  example  the  first,  and  in  our  result,  by  substituting' 
»*"• » I*  instelid  of  1*,  r»*-«  ^  for  j",  &o.,  we  shall  arrive  at  all 
the  possible  cases.  First  then,  let  us  ascertain  whether  the 
e<|uation  x*— -y"=:2°  be  possible,  on  the  supposition  that 

X  —  y  :=:  r* 
X  — z  zz  ^ 

y  +  «  3=  i* 

Now  ftom  these  three  equations  we  derive  the  three  fol* 
lowing,  vi:^« 

'  =  $(*"+(*"  +  '*)) 

*  =  I  (  I-  —  («"  —  r°)  ) 

And    consequently   since   x*  —  y"  =:  «°,  or  y  rz  jf"  +  2*, 

therefore 

xr  i-  t^"  -(-  r")Y  ■■/<"— f J"— r")\        /r-f  (j"— r")Y 

or 

(<"  +  /+  r'>"   =:   (/»  —  J"  — r")  +  ('"  +  s»"^^^r 
now 

(/"+5"— r^)»r:i"+nr"*»(j»— r")+Ma/""*«".(*"— r")»+&c« 
(l«-«,?ZI7")''=:<""— nt"-*(j»— f*)+nar'»-«"  (5"— r^)«  — &c. 
(i"-h7+>r='"+«<"'"°(«'+«^)+n«^°''"  (*"+r'')»+  &c. 
And  here,  since  the  sum  of  the  two  first  expressions  is  equal 
to  the  third,  it  is  evident  that  the  latter  subtracted  from  the 
sum  of  the  two  former  is  equal  to  zero.  But  in  adding 
the  two  first  together,  the  2nd,  4th,  &c.  terms  cancel, 
and  consequently  in  subtracting  the  latter  from  that  sum, 

the 


CURIOUS  HumncAL  FEoposmoif  DBMoirpmAn0«     ^       fl(M| 

the  2d,  4th,  &c.  tenns  will  remain  the  same,  except  that -the 
signs  will  be  changed  from  +  to  — ••  And  as  to  the  l8t,dd» 
&c.  terms  of  the  first  two  equations,  and  the  same  terms  of 
the  third,  we  shall  have  (by  observing  that 

(5n_,*)t  —  (y«  +  ri»)t_4/»,n 

(5«  ~r")*  =  (j"  +  f*)  *  —  8  (i*"  r»  +  <»  r»") 

&c.  &c«)  for  the  sum  of  the  two 

1st  terms  2  f^ 

3d  terms  2n  o  !"-•■(<■ +f*)  •—«  n  o  !"-••  X  4  J"  f* 

5th  terms  2  ncl^r*«(j*+f»)^— « n cl«"-*" X 8  J»f*(i«»+r«») 

7th  terms,  kc» 

And,  consequently,  subtracting  from  those  sumsi  the  Ist^ 
dd,  &c.  terms  of  the  third  line,  namely, 

1st  term  !■■ 

dd  term  n  <!/"-•»  (^  +  r»)« 

5th  term  nc^"-<*  (ji"+  r")* 

the  remainders  of  these  particular  terms  will  be 

1st  rem.  =  I" 

3d  rem-  =  nii^"-«"  (*■  + »*)•  —  «  n «("-«»  X  4<»  r» 
5threm.  =  ncr°-*"(j*+r^)<— •2tic<""-<»X8j^i'(*«»+r«") 
7th  rem.  &c»  &c. 

In  short,  the  whole  of  the  remainder  which  is  equal  to 
zero,  will  be  expressed  by 


(l«  _^  +  r»)»-- (2  n « /"-«" X 4*»  r»)— (2iic/»»-*»X8 J"r») 

And  here  it  is  only  neccessary  to  observe,  that  all  the  terma 
on  the  latter  side  of  this  expression  are  divisible  by  1°  ^  t^, 
so  that,  for  perspicuity  sake,  we  may  write  it  thus 


(<»  —  5"  +  r")«  _  ^  i°  I*  A  =  0 
and  consequently 


and  here,  since  the  first  side  is  a  complete  nth  power,  the  lat« 
ter  side,  which  is  equal  to  itj  muft  be  so  likewise,  and  conse- 
quently 


|0|^  OT»MVi  «vitnitoAL  PftofMtiTioir  DBHommaTBii^ 

fOtntlj  A  must  be  a  complete  nth  power,  or  Azz  A^l^ 


tkiitM 


andA  therefore, 

Otx  dividing  by  t  r  5,  we  have 

sr  tr  i<      -^  ^   • 

^'bich  muft  oeoessarily  be  an  inte{^ec  But  these  three  fr.ir^ 
tions  are  each  iu  their  lowest  terais«>  because  r,  5,  and  I,  are 
prime  to  each  other,  and  each  of  the  denominators  contains  a 
{actor  that  is  not  common  to  the  other  two;  they  cannot 
tberefbre  beecfuat  to  an  integer,  by  cot.  Lemma  1,  and  con- 
sequently the  equation  is  impossible  under  the  first  coiidi<« 
tion.  And  in  order  to  arrive  at  the  results  of  the  other  three 
conditions,  we  have  only  to  substitute  n°-*  f°  instead  of  r", 
^n-i  yi  f^p  ^^  qj^jI  ,^n-i  ^n  f^  ^^  ^  hcncc  wc  drftw  the  fuUov* 

'\UQ  four  conclusions,   > 

jD^i  ^n-i  yn-1 

1st    ^    •—-    ^  -  A' 

rs  tr  St 

i?ud -^    _-    —    -^     =  A" 

rs  tr  St 

3d ~     ; —     — -     =  A  ' 

rs  tr  St 

4th      —     — =:  A   ' 

rs  tr  St 

according  as  we  assume  the  1st,  Qjid,  3d,  or  4th,  condition. 
And  in  each  of  these  expressions  we  ought  to  have  A',  A", 
A'",  A" ',  integer  numbers,  if  the  given  equation  were  posi 
iible ;  but  since  in  each  of  these  expressions  we  have  three 
fractions  each  in  its  lowest  terms,  and  the  denominator  of 
each  contains  a  factor  not  common  to  the  c#her  two,  there* 
(ore  by  i^emma  1,  and  its  coroUar}',  they  cannot  produce  an 
in  teener  number. 

Having  shown,  therefore,  that,  if  the  equation  jr^«— jr*::  j^ 
iKVCe  possible,  one  of  th^  <}aai\titiei  A'l  A'',  A"\  or  A"\ 

vould 
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would  be  an  integer,  and  havinf^  also  demonstrated ,  that  n6 
one  of  t])^8e  quantities  can  be  an  integer,  it  follows  that  th^ 
^nation  whence  the)'  were  derived  is  impossible;  that  is 
the  equation  x"— y^^nz'*  is  impossfble>  t?hen  n  is  a  p.riAi^ 
number. 

But  we  have  also  shown^  that  the  impossibility  Of  the  equa- 
tion x" — i^rzT^^  when  n  is  a  prime,  involves  with  it  thtt 
impossibility  of  every  equation  of  the  form 

x"   +  y"  =  2", 

in  which  n  is  any  number  whatever  except  2,  or  ^xxi^  poilt^ltfir 
of  2  ;  and  we  have  likewise  shown,  that  the  impossibility  t^ 
the  eijuation,  when  n  is  any  power  of  2»  is  involved  in  dial 
of  x^ — y^ziT^^  which  particular  case  has  been  proved  to  be 
impossible  by  Euler ;  and  consequently  the  equation 

«■  +  y"  =:  i* 

is  always  impossible,  when  H  is  any  idteger  number  wtiat« 
ever  greater  than  2.     And  since  the  equation  a"  +  y"  —  «*> 

is  impossible,  so  also  is  — „  +  ^  =  —  ,  for  this  is  the  sam« 

r  »  jjjH pfi  qa 

as  x**  +  y"  =  - — ~— :  and  therefore  the  equation  is  likieivistS 

Impossible  in  fractions. 

Q.fe,D. 


V. 

Method  of  raising  iarge  Stones  out  of  the  Eatth;  hy  Mr.  tto* 
BERT  Richardson,  ofKetwick^  in  Vumbetiand^k 

Gentlemen, 

X  »  Robert  Richardson,  of  KesWick,  In  the  (Mirish  bf  Cros-'NewhieiW 
thwuite,  and  county  of  Cumberland,  bejr  leave  to  infomi  2ei    li!^5  ** 
you,  that  I  huvc  found  out  a  method  of  taking  larti;e  self- kiones out  of 
stones  out  of  l?ie  ground  in  a  very  expeditious  manoisr;  and  *•**  fi*^®""*** 
that  by  this  means  two  men  will  take  as  many  stones  out 
uf  the  ground  in  one  day,  as  would  require  twelve  men  in 

•  Tran9.  of  ihe Soc.  of  Arts,  vol.  xxvl,  p.  l^.     Tns  lilf er  medal  *at 
voted  to  .XT r.  RicliarsiitOn  (or  ti:l»  iuTeiUioxu 

the 
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the  utaal  way    of  blastiogi   and  afterward  using  large 
lererif  kcm 

Where  stones  from  two  to  four  tons  each  are  to  be 
taken  ap»  two  men  will  raise  as  many  as  twenty  men  in  the 
usual  way*  The  work  is  done  by  the  power  of  a  tackle,  but 
by  my  method  of  fixing  the  tackle  to  the  top  of  the  stone, 
by  the  plug  which  I  have  inrented,  it  will  hold  till  the  stone 
is  pulled  out  of  the  ground,  and  laid  upon  the  surface,  or 
upon  a  carriage,  if  required,  all  which  can  be  done  in  a  very 
little  time. 

Stones  of  four  tons  weight,  or  upwards,  may  be  taken  out 
of  the  ground  within  the  time  of  five  or  ten  minutes,  by  two 
men,  without  any  earth  or  soil  being  previously  taken  from 
around  them,  or  without  any  digging  with  hacks  or  spades. 
J.C.  Curweu,  Esq.,  of  Workington,  has  seen  and  approved 
of  my  performance  with  this  invention,  and  if  the  Society 
should  think  it  deserving  of  a  premium,  it  would  ever  be 
gratefully  acknowledged  by 

Gentlemen, 

Your  most  obedient  humble  servant, 

ROBERT  RICHARDSON, 
Keswick,  Feb.  8,  1808* 

Dear  Sir, 

Efncacyof  th:t      I  cannot  suffer  Mr.  Richardson's  letter  to  be  sent  to  the 
method.  Society,  without  adding  a  few  lines  concerning  it,     I  can 

hear  ample  testimony  to  the  ease,  with  which  the  largest 
self-stonei|  are  lifted  by  this  method.  I  have  seen  one  up- 
wards of  five  tons  lifted  by  four  men.  One  uf  the  plugs  is 
sent  for  the  inspection  of  the  Society.  Tliere  ij*  no  ilifB- 
culty  in  cutting  the  hole  to  receive  it,  the  only  care  is  not 
to  make  it  too  large.  It  is  difficult  to  explain  the  theory  of 
its  action  ;  the  least  stroke  laterally  disengages  the  stone. 
Its  %Mtu  In  many  situations  it  is  likely  to  be  of  great  use,  not  only  iu 

drawing  stones  out  of  the  ground,  but  in  making  weirs  and 
embankments,  where  the  stones  are  only  to  be  lifted  a  mo- 
derate height. 

One  of  my  farmers  in  Westmoreland  has  made  great  use 
of  one,  and  speaks  of  it  in  high  terms.  I  have  exhibited  it 
to  numbers  of  persons,  who  coul  J  not  believe  its  power,  till 

they  saw  it  tritd. 

Mr. 


ilACfllifB  PMTAXIVtt  bltaB  STOllES  OUt  OF  TBlt  M0Vlf9»  SQ^f 

Mr.  RichardflOD  submits  its  etamiMitron  to  the  SeaeCyi 

and  I  conceive  it  will  be  very  useful  and  beneficial  io-cases 

«f  new  enclosures  of  land.     I  do  not  think  it  would  answer 

for  soft  stones,  or  safe  to  use  for  raising;  stones  in  buildingsy 

it  being  so  easily  disengaged  by  any  lateral  blowk     By  add* 

ing  wheels  to  the  tarkle  machine^  or  having  it  upon  a  sledge^ 

a  great  deal  of  time  and  trouble  would  be  avoided.     I  puf» 

pose  to  Employ  this  method  next  summer  in  making  an  em* 

bafikment  agafnst  the  sea  ;  the  facility  it  will  give  in  raising 

and  removing  large  stones  will  expedite  the  work  greatly* 

If  any  farther  certificates  of  the  performance  of  this  plug  bt 

required  by  the  Society,  I  wili  with  pleasure  transuiit  them 

to  you.     I  will  answer  for  its  extracting  any  stone  not  ex* 

cecding  five  tons  weight  out  of  the  ground,  without  any 

previous  moving  of  the  earth ;  and  it  is  of  importance  to 

preserve  large  stones  entire. 

I  am»  with  respect,  dear  Sir, 

Your  obedient  humble  Servant, 

J.  C.  CURWEN. 
Workington  Hail,  Fib.  19,  1808. 

Sift,  , 

1  am  favoured  with  Vonr  letter,  desirihg  ftiy  opinion  ofFjitticrm* 
the  utility  of  the  iron  plug  invented  by  Robert  Richardsoni  rowl^^«««**« 
of  Keswick.  That  which  I  use  is  about  six  inches  longt 
and  one  inch  and  a  quarter  in  diameter ;  it  requires  a  hole 
of  its  own  size,  only  two  inches  deep ;  the  plug  is  to  be 
driven  in  a  little  short  of  the  bottom,  and  will  raise  a  stone 
flrf  six  or  eight  tons,  with  the  assistance  of  three  men)  in  the 
course  of  ten  minutes  after  the  hole  is  prepared  ;  and  I  do 
not  hesitate  to  t!uy,  that  three  men,  thus  furnished,  will 
clear  the  ground  of  large  stones  in  less  time,  and  more  ef^ 
fe^uully,  thnn  twelve  men  by  ony  other  method  yet  come 
to  my  knowledge.  The  plug  bhould  be  made  of  good 
b(*aten  iron.  The  simplicity  and  cheapness  of  the  whole 
upfraratus  la  a  great  ohject,  as  a  $^ood  plug  of  the  size  I  U&e 
V. Ill  cost  only  two  shillings  and  sixpence.  I  am  fully  of 
opinion,  that  by  adding  more  and  stronger  ropes  and  [)uUiest 
work  mi^ht  be  done  by  it  to  aD  amazing  extent.  1  havA 
/tujKd  ^n>at  udvHiit.i^u  \i\  my  iarin  from  the  aid  of  the  iron 

plug. 


|R)8 
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plug,  and,  in  justice  to  the  inTeDtor»  am  happy  in  thus 
touching  for  its  extreme  usefuloess.  Several  of  my  respect- 
able neighbours  hare  experienced  the  aid  and  benefit  of  the 
above  instrument,  and  will  vouch,  if  required,  for  the  truth 
of  the  above  statement. 

I  om,  Sir, 

Your  truly  obedient  Servant, 

ROBERT  WRlGHTt 
Rose  GUI  Hall,  near  Shop,  West* 
morehmd,  MayQ,  1808. 


Beferenceto  the  Engraving  of  Mr.  RichardsoftCs  Invention 
for  raising  large  Stones  out  of  the  Earth.  See  PL  VI, 
Figs.  4, 5,  6,  and  7* 

The  method  Fig*  4,  K,  shows  the  upper  part  of  a  stone  nearly  buried 
descrU>€d.  Ju  the  earth,'  having  a  hole  made  in  it  three  inches  and  a 
half  deep,  and  one  inch  in  diameter,  by  means  of  a  miner's 
jumper;  the  cylindrical  tail  of  the  plug  a,  figs.  5f  6,  and  7, 
which  is  of  the  same  size,  is  driven  fast  into  it,  by  means  of 
a  hammer  applied  upon  the  head  of  the  plug  at  G.  This 
plug,  in  its  whole  length,  is  nine  inches,  and  has  a  hole 
made  in  its  broad  part  H,  through  which  the  oval  iron  ring 
B  passes  easily,  and  on  which  the  plug  can  move  backwaixis 
and  forwards,  when  the  ring  is  hung  upon  the  hook  of  the 
lower  pulley  block  of  the  lifting  tackle.  C  C  C  C  represent 
the  four  legs  or  frame  work  of  the  qurdrangle  ;  D  a  five* 
fold  tackle,  with  blocks  ten  inches  in  diameter ;  E  a  roller 
•  seven  inches  in  diameter,  turned  by  two  long  iron  levers 

h  b  ;  the  handle  I  is  used  as  a  safeguard,  and  to  assist  to  re- 
gulate the  power  of  the  levers.  In  fig.  4,  the  plug  A  is 
shown  fixed  in  the  stone  K,  ready  to  draw  it  out  of  the 
ground,  by  means  of  the  lifting  tackle. 

N.B.  The  hinder  legs  of  the  quadrangle  are  made  to  close 
in  between  the  fore  legs,  for  the  convenience  of  carriage. 


VI. 


METHOD  OF  IKCmEAilICO  AN  BI.CCTKtCAt  CBiKOB. 


VI. 


Mn  AecoHUt  *>f  a  new  Method  <}f  inettaitng  the  charging  Ca- 
pacity of  cooled  Klecltieal  Jar*,  dittovtred  by  Joan 
WivsriBLD,  E*<}.,  0/  Shretetbury*,  and  eommunicaltd 
to  Mr.  John  Cuthbbbtion,  PhUotophicai  Jnitntment 
Maker,  of  Poiand  Sireel,  Soho;  teilA  Experimtntt  promng 

the  above,  by  Mr.  Josn  CuTBBK&TSftN. 
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XN  mytreuliffp,  entitled  Practical  Electricity  and  Co/eo- Rieuhinf  lot* 

MUM.  p.  103,  1  have  said,  that  breathin?  into  coated  jura  J"  ""^™M* 
,     ,    .       ,        .  ,  ...       Iheir  t«p»eilf 

increased  their  cbarg;ing  capacity  to    lucn  an  utooiahing  for  >  cbirga, 
degree,  that  their  discharge  nould  fuse  four  times  the  length 
of  wire  tfiey  couM  ilo  in  ordinary  circa mitances,  which  I 
proved  by  experiment,  p.  178,  I94. 

Since  that  publicattoo  Urge  electrical  batteries  are  be- Thb  incon**- 
come  more  general,  and  the  number  of  iars  increased,  so  """' .'"  '"«" 
that  battenea  containing  thirty,  sixty,  anil  even  a  hundred 
and  more  jars  are  frequently  met  nitli.  When  so  nume- 
rous, breathing  into  each  Jar  ia  very  disagreeable;  and  not 
aniy  that,  but,  when  the  aimoaphere  ia  very  dry,  and  when 
it  is  moBt  nanted,  it  is  even  ineflectual ;  because  the  jars, 
whicb  were  first  breathed  into,  lose  that  property  which  was 
produced  in  them  by  breathing,  before  the  last  can  bare  ob- 
Uiued  it  i  BO  that  a  variety  of  other  meana  hare  been  tried,  mi  icoWeDini 

■uch   as   wettine:  their  insidea  with  water,  and  puttiuK  wet  "i.""  •"«  "^ 

,  °  ,    ,  1    ■!■         1  .  affettual. 

■poogea  into  them,  and  uUo  greasing  and  oiling  the  iiiicoated 

part  til  the  inside,  all  of  which  j^ve  un  sat  is  factory  results; 

till  John  Wingfield,  Esq,,  coniinunicaied  to  me,  tiiat  pasting  p,^  puu4 

paper  on  the  inside   and   outside   of  coated  jars   prevented '"*"*••'"* '"*■ 

them  from  exploding  to  the  outside  coaling,  and  that  he 

believed  their  charging  cupucily  was  increased  thereby. 

lembraceit  the  first  opportunity  to  try  the  efl'ect  of  thisTtulsflf  ihli. 
discorety  with  single  jars. 

Erp.  I,     I  took  n  very  thick  jar   (which  had  been  ased^j^pi. 


A  fenllenun  «l>o  li>s  ItWlf  *er; 
rpblhMopKf. 

Vot.  xxvil— Nov.  laio. 


h  dljiingulihcd  hidiielf,  not 

ler  bmichu  of  eipnimratal 


to  show  the  pbenomena  of  voluntary  explo&ioDS  without 
breaking)  twelve  inches  high^  and  the  coating  nine  inches^ 
containing  in  the  wliole  17 1  square  inches.  It  was  applied 
to  the  conductor  of  a  plate  electrical  macbiney  and  «ix  turiia 
9t  tbe  plate  caused  a  voluntary  ezploaioo.  The  ata^  of  the 
atmosphere  not  being  very  dry,  it  required  eight  and  tv^elve 
turns,  to  produce  a  second  and  third  explosion.  A  fourth 
could  not  be  |»rodac^  ^  but,  when  cleaned  and  dried,  as 
before,  six  turns  omied  a  voluiilary  dilschafge. 

£xp.  2.  Exp.  2.     A  slip  of  paper  one  inch  broad  was  taken  of 

sufficient  length  to  fit  the  outside  of  tbe  jar,  when  the  two 
ends  were  pasted  together.  This  was  sljpped  on  tbe  outside 
to  aibout  oue  inch  from  the  coating,  the  uncoated  part  being 
rubbed  clean  and  dry,  and  applied  t9  the  machine,  eleven 
turns  of  the  plate  produced  a  voluntary  discharge  to  the 
ontside  coating.  . 

Eyp.  3.  Exp.  3*   The  paper  ring  was  then  slipped  down  to  touch 

the  coating,  and  then,  applied  to  the  conductor,  no  volun* 
tary  discharge  coi^ld  be  produced,  and  when  discharged  in 
the  common  way,  its  power  did  not  seeui  to  be  increased. 

Exp.  4.  Exp,  4.    The  common  discharging  electrometer  (which 

is  always  fixed  to  the  basement  of  my  machine)  was  used, 
to  try  to  what  distance  the  discharge  could  be  made  to 
pass  from  the  knob  of  the  conductor  to  the  ball  of  the  elecr 
trometer,  which  was  found  to  be  one  inch  and  -f. 

l^x^,y  Exp,  5.     A  piece  of  iron  wire  yj^  P**rt  of  an  inch  in  dia* 

:  meter,  and  oi^e  inch  in  length,  was  hung  to  the  electrome- 
ter, through  which  a  second  discharge  was  made  to  pass, 
and  the  colour  of  the  wire  was  changed  to  a  blue. 

f'^P^^'.  Exp.  6.    The  paper  ring  was  then  taken  off,  and  I  breath- 

ed into  the  jar  twice ;  the  discharge  was  then  produced  at 
the  distance  of  two  inches,  and  the  wire  was  fused  intp 
bill  Is. 

Xxp.7/  Exp.  7*     The  jar  was  then  rubbrd  clean  and  dry,  and  a 

piece  of  the  same  sort  of  wire,  of  the  same  length,  was 
kun|j^  to  the  electrometer  in  tlie  same  manner  as  before,  and 
it  appeared,  that  the  greatest  oliarge  it  could  take  had  not 
the  least  effect  upon  the  wire.  Thus  it  appears,  that  a  paper 
ting  so  op  plied  does  not  increase  tlie  charging  capacity  of 
jars  iu  the  same  degree  as  breathing. 

Exp. 


KBTBDD  or  txcmEitiii*  H  taxemckh  ch«B6<. 
Erp.  B.     The  jnr  «aa  hi ghlf  charged,  and  examined  id  El>>S 
till-  (lark.   The  paper  ring  ajipeareJ  tuminons  all  round  ite 
uppermuat  (^^. 

fjp.  9.     The  rinff  wns  then  taken  ■>fV,  unil  pKted  on  in  E'tp  ' 
e  inside  cltKc  to  tlie  coating.     Twenty-three  turns  caused 
a  volunlary  explosion,  throu^^h  the  n'n^-,   ta  the  ostside 
coating. 

Exp.  10.     A  second  rinp,  J  of  an  int-h  broad,   was  then  Esp.  1 
iBled  ou  close  to  tliu  other.     The  same  nuintier  oT  turna 
produced  a  t-oluntary  explobion,  and  the  paper  i«aE  torn  by 
^thc  d^cliQi^;  after  which  it  n-as  repaired,  and  left  to  dry. 

Exp.  11.    WItea  dry,  no  voluntary  ekptosioii'  could  be  Exp.  1 
obtain  cd. 

£rp.  \9.     Its  greatest  power  waa  then  tried,  and  it  was  E«p -n 
iind  exai^lly  the  same  as  in  £xp.  6,  when  it  wa*  l>rculhed 
^to;  it  diadtarged  at  3  InChea  dtt>tuuce,  and  the  sanx.-  lengtli 
wire  «(■*»  fused  into  ball*. 

E^p.  13.     A  actoinl  jar  was  taken  of  n  luger  aisc,'  being  Eip.  1; 

iuches  high,  and  its  coaling  7  inches,  it  contained  nliout 

^90  aquafC  inches.     After  being  vuLbod  ckun  and  dry  it 

applifd  to   the  conductor  of  the  iinichinc,  15  turns  at 

plate  produced  a  voluaiar)'  explusiou  to  tiie  oaishle 


■foctiu^ 


Exp.  14.     A  paper  ring  was  put  round  the  uncoated  pait  F.xp.  1 

Bthe  vuuidt:,  at  ubout  1|  iuch  diiitanl  from  llie  cuating. 
even  turos  of  tlie  pUle  produced  a  vulaatary  explosion 
to  the  outside  coutinj;.  The  ]>ii[ikt  ring  wa;s  then  pushed 
n  tlie  costing,  nfier  whirli  no  voluutury  explosion  to 
,lhe  coating  could  be  obtained,  but  it  (!i:ichiirgcd  to  ihe 
iclrctromelcr  ball  ttnndiug  at  the  distance  of  '2  ii-.cheS  and  i 
Jrom  the  knob  of  the  coiidui:tor.  > 

.,  Exp,  IS.     The  aamc  sort  of  wire  as  used  in  Esp.  6,  two  e^j  1 
nches  toD|j,  was  liuu-;  to  tlic  I'lectroineU'r,  and  the  dis- 
charge made  it  blue,  with  several  beudings:  a  ^roof  that  it 
lad  beeu  nci.'ly  redhot.  t 

\  £iip.  l(i.      A  rin^  of  common  writing  pa)«r,  one  iiich  £1^.  11 
biiroad,  was  puted  on  the  iu!>ide  close  to  the  coatinij;  >ud 
MMa  6ry,ao  vuluntuiy  ckplusion  to  the  coatiri^r  raald  be 
rblaiued,  but  k  ditc!iar;;ed  iuelf  tn  lite  clucirumeter  b«Ii 
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standing  at  the  dutance  of  Jd  «nd  the  wire  was  fused  Lnttf 
ballsi 

Exp.  17.  The  ptper  rings  were  now  tuken  off,  «nd  the 
uncoated  part  made  clean  and  dtj.  Nineteen  turns  produced 
m  diKbarge  to  the  electfometer  ball  at  the  Mme  distance^ 
and  the  same  length  of  wire  was  slightly  blued. 

Exp'  !9.  The  jar  was  then  breathed  into,  and  a  discharge 
was  produced  at  the  same  dibtance,  but  the  wire  nes  not 
fused. 

Exp.  19*  The  same  jar  was  breathed  into  «  second  time; 
a  discharge  was  caused  at  the  same  distance,  and  the  wire 
was  fused  into  balls  exactly  the  same  as  when  the  paper  ring! 

Exp.  30.  A  third  jar  was  taken,  7  inches  high  and  « 
inches  diameter,  bsving  about  64  square  inches  coating. 
When  rubbed  clean  and  dry,  and  applied  to  the  tnachioei 
two  turns  of  the  plate  caused  a  voluntary  discha:^  to  ths 
outside  coating. 

Exp.  31.  A  paper  ring  was  pasted  on  both  sides,  close 
to  the  coating,  and  one  inch  from  the  top.  When  applied 
to  the  machine,  no  voluntary  explosion  could  be  obtained, 
but  the  electric  fluid  was  seen  to  run  over  the  brim  of  the 
glass  to  the  coating  as  quickly  as  the  machine  could  give  it. 
The  exploding  distance  to  the  electrometer  was  seven  eighths 
of  an  inch. 

Emp.  22.  The  paper  tings  here  taken  off,  and  olheN 
posted  on,  to  within  one  inch  and  a  half  from  the  top.  No 
voluntary  explosion  to  the  coating  could  be  obtained ;  btit 
It  exploded  to  the  electrometer  standing  at  out  inch  di 
tance,  and  did  not  produce  any  effect  on  one  i&ch  of  wirCf 
which  was  hong  to  the  electromcler. 

jEip.  23.  Then  paper  rings  of  different  breadths  trei* 
tried,  and  it  wus  found,  that,  when  they  were  only  half  ui 
inch  higher  than  the  coatin;^.  the  jar  recdied  the  greaielt 
power,  anil  il^  exploding  dis^tance  to  the  eleclronieter 
one  inch  and  three  eighths,  ivhich  fused  anS  di^pereed  in 
•Wis  oup  inch  of  n  ire,  of  the  balne  diameter  as  tfa.it  used  i% 
Exp.  6,  with  the  first  jar. 

Erp.  24.  The  paper  rinR  was  scraped  from  off  both  side*,* 
snd  the  j^r  w&s  carefully  breathed  into.     Thi'n  us  turos  tit 


r 
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the  |iUt«  caused  its  longest  diwharge  to  the  vlectrometert 
which  mo  at  the  distaii<:e  ofone  iach  and  three  eighths,  and 
fused  ntie  inch  ur  wire,  but  with  less  violeuce  than  in  the  last 
•I  peri  men  t. 

Exp.  25.     The  outride  paper  ring  was  scraped  off,  and  txf.Si. 
the  jar  *till  preserved  the  aume  charging  capacity,  as  when 
both  were  on. 

The  above  experiments  are  auflicient  to  prove,  that  paper  General  mi 
rings  pasted  on  to  electrical  jars  not  only  prevent  them  from  "=''*'*"■ 
mploding  to  the  outside  coating  berore  they  have  received 
their  hlgheit  charge,  but  that  they  likewise  increase  their 
charging  capacity ;  and  that  one  riog  pasted  on  in  the  inude 
only  is  sufficietit,  if  it  is  uue  inch  broad ;  one  half  of  the 
breadth  luuBt  be  pasted  upon  (he  coating,  and  the  other 
upon  the  uncoated  part. 

Farther  experiments  and  observations,  setting  forth  the 
kdvaniages  that  electricians  may  obtain  from  the  above  di». 
cover}',  with  an  account  of  some  experiments  done  with  a 
view  la  prevent  the  jars  from  being  perforated  by  high 
cbarges,  without  increasing  their  thickness,  wherein  I  am 
in  hopes  I  shall  succeed,  witl  be  the  subject  of  k  future 
paper. 


On  iht  CimthiiuUims  of  Oxign.  B^UARSi1ALLH&iL,£j!f, 
F.  R,  fit.  S.  E.     In  a  Letter  from  the  Altthfr. 


SIR. 


To  Mr.  NICHOLSON, 


Jo.  HE  utility  and  excellence  of  axioms  in  science  are  too  Ax>«ms •/ 
'dJ  IcDown  to  those,  who  are  earnestly  engaged  in  its  pro-  R*^'  "^  la 
Kution,  to  require  to  be  expatiated  on.     T^e  few  observa- 
tions «n  the  combinations  of  oxigen,  which  I  take  the  liberty 
of  transmitting  to  yoo,  do  not  perhaps  deserve  (he  dignified 
uaiiie  of  axioms;  but  where  coincidences  are  so  general  and 
m  priking,  we  are  led,  perhaps  too  soon  indeed,  to  believe 
'nm  nniverasl.  If  however  I  shall  point,  out  what  generally 
takes 
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ta1^«»  pbice,  the  subject  will  not  wnA  impertvuice  and  iut^* 
reKt  to  those  wbo  are  about  to  begio  the  elevfied  study  of.. 
cbemistry :  to  such  it  will  at  least  afford  a  useful  aid  to  the 
inemory,  iduc|;i  to  be  desired. 

The  first  two  of  these  propositions  will  be  perceived  to  be 
very  generally  known :  it  is  the  third,  which  is  the  most  ex- 
traordinary, and  which  renders  the  fonner  of  more  import- 
ance. 
Laws  of  tlie         First  then  it  is  known,  that  substances  containing  oxigeii 
o?oxll«Mir"*    ^^^^^  unite  tOftfcA  other:  and  2dly,  substances  which  do  no£ 
contain  this  principle  readily  and  mutually  combine :   but, 
3dly,  I  beUeve  no  substance  containing  oxigen  will  combine 
with  a  substance,  which  does  not  contain  oxigen. 
Acids  combine      I  shall  now  endeavour  to  elucidate  and  support  the  prc- 
but  not  with     ^^^^^S  propot»itions ;  and  no  circumstance  can  do  this  more 
meuls.  fon^ly»  than  the  uaiversal  chemical  fact,  that  metals  do 

not  dissolve  in  aciJs,.  until  they  hare,  by  some  means,  ac- 
quired oxigen ;  but  the  instant  the  oi^idatiou  is  accomplish- 
Alkalis  do  the  ed,  the  solution  takes  place.      In  the  saujie  manner  the 
^^^  alkalisr  do  not  combine  with  the  metals,  but  the  metallic 

oxides  and  the  alkalis  do  combine,  e,  g.  the  ammoniuret  of 
Metals  sepn-  copper,  &c. ;  again,  the  metals  during  the  process  of  oxida- 
se* a%  K>oir IS  ^'®"  ifUmediately  separate  from  the  oxide  when  formed. 
Ibrmed.  But  to  reduce  the  subject  into  its  simplest  form,  we  may 

observe — 
ClaMtification        1.  That  the  metals,  metalloids,  and  simple  combustible 
co**b^*******'  bodies,  combine  with  each  other.     2.  The  oxides  of  the 
metals,  the  alkalis,  and  the  acids,  formed  of  the  combusti- 
ble bodies  with  oxigen,  mutually  combine.    3.  But  no  part 
of  the  first  class  will  combine  with  any  part  of  the  second. 
4.  The  first  class  have  no  affinity  for  water.    5.  The  second 
class,  and  most  of  the  saline  substances,  do  dissolve  in 
•  water. 
ObSectioQ'i  an-      It  will  now  be  incumbent  on  me  to  obviate  some  objec- 
swered.  tioqs,  which  may  naturally  oppose  what  1  have  said ';  and 

Unidn  of  alka-  the  most  prominent  is  the  union  of  the  combustible  bodies 
lis  and  metallic  ^ith  the  alkalis  and  metallic  oxides.    But  this  objection  is 

oxides  with  i      «.       i  i         •!  i  •   i  • 

combustibles^  readily  answered ;  for  those  combustibles,  which  enter  into 

such  a  combination,  really  contain  oxigen;  they  are  sulphufp 
phosphorus,  and  sulphuretted  hidrogen.    I  think  it  suffi- 
cient 
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«Ent  to  obsen'e,  that  from  the  late  experiments  of  Mr. 
Davf,  the  former  two  ure  found  to  be  oxide« ;  and  lieiiee 
their  com  l>i  nations  with  tlie  alkali*  do  not  at  nil  iovalidate 
the  preceding  ductriue,  but  tend  lo  conhrin  it.  The  sul- 
phuretted liidrogea  too  does  most  prob^ibly  contain  okigen, 
at  e\ery  body  kae  suvpected,  from  its  properties  ns  lui  acid, 
even  that  drGtinctive  one  of  reddeitios;  vegetHble  bluES. 
**  Kirwait  tens  uuable  to  form  it  by  melting  iiulphur  in  ■ 
■*  reMel  contuimng  hidrogen  gas;  and  the  Dutch  chemists 
*' were  equally  unsnciresBful  either  with  this  method,  or  by 
•'  piii.siiig  hidro^en  gas  thrnugli  a  tube  containing  liquid 
"  sulphur*."  From  this  thi:n  it  appears,  thai  the  presence 
of  Bimuapheric  uir  it  necessary  to  foroi  the  Bulphitretted  hi- 
dro;;en,  und  heuce  we  may  inftr  with  probability,  that  oni- 
gen  entprs  into  the  conibinclion. 

If  sulphur  contain  oxigi^u,  tiien  it  will  naturally  be  asked,  gndoTiulnliui 
why  does  ii  combine  with  the  metals,  which  do  not  contain  ""^  "leuia. 
oiiigen  i  To  this  1  uiii  ready  to  anEwtir,  that  Jt  is  in  some 
cusCs  certain,  in  others  more  than  probabU-,  that  the  metal 
is  oxidated  during  thv  o pE ratio n  ;  not  ihdeed  from  the  at- 
fBo^ibere,  nr  other  external  sources,  but  from  the  Eiilpliut 
itself;  and  this  need  not  appear  strnnge,  far  in  the  same  man- 
ner the  metaU  are  oxidated  by  the  acids,  which  afterward  dis- 
ao've  Ihem  :  bnt  this  is  not  hypothesis,  it  is  founded  on  the 
most  unexceptionable  experiments.  Berthollet  "  formed 
'*  metallic  sulphurets,   performing  the  experiments  in  an  * 

•*  earthen  retort,  and  afler  taking  every  precaution  to  nvoid 
*■  any  source  of  uncerlairity.  he  obtained  snlphnrelted  At- 
"  drofcen;  the  metals  he  used  were  iron,  copper,  and  mer> 
'■  oary,  the  last  afforded  the  largest  quantity  f,"  Here 
then  is  unequivocally  the  decomposition  of  the  sulphur: 
•nd  the  experiment  is  a  more  important  argament,  because 
it  was  made  with  a  very  different  view  from  (hat  with  which 
I  have  applied  it,  t.  e.  to  prove,  beyond  the  possibility  of 
nislake,  that,  during  the  formation  of  metallic  sulphurets, 
Udrogen  is  liberated  ;  and,  as  this  is  proved,  it  remains,  that 
the  combination  in  the  retoit  will  eoatain  a  larger  propori 
^u  of  the  other  princifiles  of  the  sulphur,  one  of  which  is 
•xig«Q. 

•  Muiray.  -f  Monaf. 

And 
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ho4uctl«nor  And  here  I  canDot  help  Dbserving,  that  n  Tery  beautiful 
In'thD'formi-  Bppl'Cittion  may  be  made  of  ihii  circumstance,  to  explain 
tionofiutpliu- the  production  of  heat  aud  light  duriog  the  formation  of 
'"''  these  Bulphufets,  a  difficulty  hitherto  inexplicable.     It  ii 

well  known,  that  oxigen  in  SMoe  of  itn  combinations  retaiiia 
more  of  light  and  beat  than  in  utiiers,  uow  here  is  the  tran- 
sition of  oxigen,  as  contained  in  sulphur,  to  a  metal  j  it  i» 
by  no  means  improbable,  that  in  the  latter  compound  it 
may  be  disposed  to  retain  less  of  the  light  and  hcut  thun  in 
the  former;  if  this  he  the  oaK,  the  uppeurances  during  the 
operation  no  longer  present  any  difficulty. 
iJWonofslla.     The  only  other  circumstance,  which  occurs  in  objection 
Jiiwiu  oil.      (Q  ij,g  above  propositiuns,  is  the  comliication  of  alkali  and 
oil ;  and  this  objection  also  is  very  readily  satisfied.  '*  When 
"  ihe  oil  is  separated  by  an  acid  from  soap,  it  is  affirmed, 
"  that  in  several  respects  its  properties  are  altered,  and  that 
•'  in  particular  it  is  soluble  in  alcohol.     During  its  con- 
"  version  into  soap,   therefore,    it  must  not  merely  have 
*'  combined  with  the  alkali,  but  have  undergone  some  other 
"  change  •."    But  a  short  quotation  from  La  Grange  is  still 
more  to  the  purpose.     "  There  is,"  he  says,  "  an  absoriw 
"  tion  of  oxigen  during  the  process  of  Ra[)oniticatian ;  that 
**  is  to  say,  the  oil  becomes  concrete  by  absorbing  oxigen." 
Soluriancf      There  is  indeed  Bti}l  another  compound,  which  muy  ba 
loii'bur  and     ofijed  at  un&vourable  to  this  doctrine,  viz.  the  solution  of 
pnMphirm  ^  . 

•Ill)  oil.  sulphur  and  phosphorus  in  oil,  but  it  is  equally  invalid  with 

the  former,  and  another  quotation  from  Mr.  Murray's  ex- 
cellent work  will  again  calm  the  clamour  of  objection.  It 
baa  been  remarked,  that  sulphur  and  phosphorus  contain 
oxigen;  now  this  is  the  compoiition  of  oil  in  the  words  of 
Mr.  Murray.  Lavoisier  hence  inferred,  "  that  oil  contains 
*'  79  parts  of  carbon  united  to  21  of  hidrogen.  These  must 
"  however  be  regarded  us  approximations  only ;  and  oxigen  ■ 
"  is  probably  also  a  constituent  part  of  oil.  That  it  i 
"  appears  to  be  eitdblUhtd  by  the  decomposition  of  oil  in  _, 
"  close  vessels  ;  when  transmitted  through  an  ignited  tnbe^ 
"  carbonic  acid  and  water  are  part  of  the  products.'* 

It  is  however  evident,  that  these  observations  are  intended 
U>  apply  in  cases  mote  oimple  than  to  vegetable  compoundla 
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In  which  indeed  the  elementary  tn^rvdieots  generally  acquire 
■  perfectly  differeut  arraatjemeiit,  in  every  cuse  of  combine' 
m  with  nther  eubstuacei. 

I  ahull  ju»t  add  a  remark,  w}iich  I  have  often  mide,  that  Oiipen  e 
bstRDces  not  containing  oxiiren  are  perfealy  mild  in  their  '"'  '"  "" 
ture,  mid  only  acquire  acrid  or  virulent  properties  when 
oxigf  n  is  added  to  them.  Thus  oxiger)  occaBions  the  acidity, 
alkaline  property,  and,  ua  ha*  been  remarked  to  tne, 
the  caosticity  of  other  subalanceB.  To  this  ingredient  all 
rtineral  remedies  owe  their  powers,  to  this  the  metallic  and 
•ome  other  poibon*  owe  theirdelcterious  properties. 

If  the  above  observationa  deserve  to  occupy  u  page  or  two 

ill  the  valuable  I'bilosopbical  Journal,  their  insertion  will 

uch  obli^.  Sir, 

Your  obedient  servant. 


MARSHALL  HALL, 
of  the  Royal  Medical  Society, 


Viuveriilj/  0^  Edinburgti, 
Sept.  at,  isiu. 


€hi  lite  M'gralum  of  Swallows. 
Jn  a  Leiltr/ro. 


By  Thomas  F oust za,  Esq. 
I  the  Atttlmr. 


SIR, 


To  Mr.  NICHOLSON. 


B  former  nnmber  of  your  Journal  rou  were  so  good  a^  itenarki  01 
to  Iniert  roy  table  of  the  times  of  appearance  and  departure  t'lo  migruii 
of  several  of  our  migratory  birds;  if  you  ahuuld  think  the 
ensuing  observations  on  the  swallow  tribe  woithy  of  notice 
■ud  insertion,  they  are  very  much  ot  your  service. 

The  swin,  hirundo  apKi,  which  abonnds  in  the  neigh-  s»il>. 
liourhood  of  Hackney,  and  annually  builds  I u  great  nuni- 
btns  in  the  old  steeple,    was  not  seen  at  Hackney  after 
Ai^at  the  13th  ;  and  several  days  previoua  to  this  its  nnra'- 
Wn  were  greatly  decreased.    On  the  I7<h  I  happened  to 
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be  at  £1}%  when  I  «w  great  nambeiB  of  these  birds  flying 

roancl  the  tower  of  the  cathedral ;  lunce  which  I  have  not 

seen  a  single  bird. 

Roletof  the        In  consequence  of  the  controversy  so  long  carried  on 

tenkmartiit     aQ^<>|,«   naturalists,     whether  the   swallow   was  a   bird  of 

occupieil  by  **  i      .       •  -      %    ^ 

toads  in  fmssage,  or  whether  it  remained  dormant  during  winter,  I 

vinier.  opened  on  the   i2th  instant  several  of  the  lioles  of  sand 

swalUnws  fhirundine^  ripariiejf  but  found  nothinc^  in  tiicm 
except  toads  which  had  taken  up  their  wiuter*s  lodging 
there. 
Themii^tion      There  are  many  circumstances,  w^ich  tend  greatly  to 
S^*^*i**^      establish  theopinion>  that  these  birds  migrate ;  for  instance, 
onthevind,     they  do  not  appear  m  spring  and  depart  in  autumn  sooner 
•*'*'*^  ^^**      or  later  according  to  the  forwardness  or  backwardness  of 
the  season,  but  generally  according  to  the  direction  of  the 
prevailing  current  of  air.     The  great  prevalence  of  N.  E. 
winds  lately  has  occasioned  a  very  great  diminution  of  the 
numbers  of  swallows  and  martins  this  year  much  before 
their  usual  time ;  whence  may  we  not  infer,  that  tliey  bad 
taken  their  flight  in  a  south  western  direction  ?  for  winged 
insects  (the  food  of  this  tribe)  are  still  very  abundant,  not- 
withstanding the  cold  winds. 
Inquiry  after        If  any   of  your   numerous   readers   know  of  any  well 

fMts  respect-   authenticated  accounts  of  swallows  having  been  found  in  a 
ing  their  tor-  .  ,  i     •  i  •  i      mi    i  i 

pidity,  torpid  state  during  the  winter  season,  and  will   have  the 

goodness  to  communicate  the  vame  through  the  medium  of* 

your  Journal,  I  shall  be  much  obliged  to  them,  as  1  am 

collecting  facts  of  this  kind. 

I  remain.  Sir, 

Your  constant  reader, 

THOMAS  FORSTER. 
Loftdoit,  OcU  15j  18)0. 
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PPORTUNITIES  of  tmcins  tliesymiitomBprodnce^  WeJl dewribed 
by  tlie  bite  (if  poisonoufl  si)ake<>,  mid  aseertainin'j  the  '"C"' "^ofm^a 
effecls  on  the  human  body  when  the  bite  proves  fatal,  are  vcrj'  nte. 
of  sHch  rare  occurrence,   that  no  well  described  case  of  tliis 
kind  is  to  be  met  with  in  any  of  the  records  that  I  have  ex- 
amined.    I  am  therefore  induced  to  luy  before  this  Society 
the  foltoAiug  accoaol,  with  the  view  of  elucidating  this 
BUtijert,  in  whifli  the  interests  of  humnnity  ate  bo  deeply 
cMH^med. 

Thomas  Soper,  cG  years  of  age,  of  a.  spare  habit,  on  the  Vin  biiten  by 
17th  of  October  1809,  went  into  the  room  in  which  two  '  ""'""•*•■ 
h«althy  rattlesnake',  brouglit  from  America  in  the  preeedinij 
summer,. were  exhibited.  He  leired  one  of  them  with  the 
end  of  a  foot  rule,  but  could  not  induce  the  snake  to  biti* 
and  on  the  rule  dropping  out  of  his  hand,  be  n|)eneH 
tbe  do*r  of  the  ca^e  to  take  it  out ;  the  snnke  immediately 

hand,  au'1  bit  it  twice  in   succession,   raakin^ThecnaVeliit 
two  wounds  on  the  back  part  of  the   first  phalanx  of  the'"'™- 
thumb,  and  two  011  the  side  of  ihe  second  joint  of  the  fore 
finjjer.     The  snake  is  between  4  and  S  feet  long,  and  whm 
much  irritated  biles  the  object  twice,  which  I  believe  snnkcs 
jo  not  uEUally  do. 

The  bite  took  place  at  half  pn^t  two  o'clock.  He  went  EgMitofih* 
intmcdiatety  to  Mr.  Ilanhnry,  a  cheuiist  in  the  neighbour- *•'»"• 
hood.  Ttiere  whs  at  that  time  no  Kwelling  on  the  hand, 
aod  the  man  was  so  incoherent  in  his  langun|;e  and  he- 
baviour,  tiut  Mr.  llanbury  considered  him  to  be  in  a  stair 
it  intoMcution,  and  gave  him  u  dose  of  jalap  to  take  ofTlhe 
eS/cts  of  tlie  lii)uor,  and  mnde  some  flight  apphcation  to 
tile  bites.  It  appeared  on  inquiry,  that  the  map  had  been 
;  but  timt,  before  he  wa»  bitluii.  there  wna  nothing 

•  Al>Tid(cd  fr«m  th*  fblL  Tina,  (m  !« 10,  p.  7S, 
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|^C>cH<rfthe   ttnuaual  in  bis  tiehaviour.     Afler  leaving  Mr.  Hanbury  ihA 
*^  hitnd  begun  to  twdl,  which  aUimed  hiui,  and  he  went  t(t 

^t,  (4fi>rge'b  h(isi>il»l*  lie  arrived  iberr  dt  three  o'clock. 
The  wristbvtid  of  his  shirt  had  bt^en  unloosed,  uni  the 
frwellin);  h»<l  rxteqded  htilf  way  u^i  the  foct^-l|^|D  hefure  hia 
ii(hui»siou.  The  bkin  on  the  back  of  his  bund  waa  tery 
lense,  und  the  purt  very  painful.  At  four  o'clock  tbf 
»velliug  ^xluu^eil  10  the  elbow,  and  at  half  pa^t  four  it  had 
Tvai^hed  bulf  way  up  the  arm,  and  the  pain  hud  exteodeti 
to  the  e&ills.  At  this  time  Mr.  Brodie,  who  visited  him  i^ 
my  iibseoce,  fint  mw  him;  he  found  the  bkin  cold;  the 
inun's  itnsweri^  wen  incohvreDt :  his  pulie  bet^t  lOQ  strpl(M 
ma  minute,  and  he  compluined  of  sickness, 

At  9  o'clock  he  bad  the  feeling  of  great  depression,  hjt 
»|j.in  vtfH  cold,  and  his  pulse  weak,  beuting^O  strokes  in  4 
Vnjiiute.  At  a  quarter  afler  lo  the  i>ain  had  be  corn  e  very 
violent  in  tbe  arm :  his  pul&e  whs  stronger,  but  tits  of  foi"*- 
li?$s  Bltack«:d  him  every  fifteen  minutes,  iu  which  the  puUe 
«:uH  not  perceptible  ;  jet  in  the  interval  bi«  Bpirits  were  lesa 
ii,eprea3e(.l.  At  hdf  after  1|  th«  band  and  arnj  were  much 
(Welled,  up  to  the  top  of  the  shoulder,  and  into  the  ftrmpit. 
fhe  «im  ^as  quile  cold,  and  no  pulse  could  be  felt,  evei^ 
in  the  armpit,  where  the  swelling  wu^  such  as  to  present 
ihe  Briery  from  being  accurately  distinguished.!  The 
wounds  made  on  the  thiirab  were  jvist  peri;eptible;  those 
op  the  finger  were  nery  distinct.  J^is  akJn  in  general  waa 
unuBtially  cold. 

In  the  morning  of  the  18tb  h'li.  pulse  beat  132  st^okea  Ig 
«  minute,  and  was  very  feeble.  The  swelling  bad  not  cX-> 
tendtd  upwurd  to  the  neck,  bgt  there  wag  a  fulness  doxn 
\hv  side,  and  blood  was  extravusated  under  the  skin  ss  low 
««theloiivt,  giving  the  back  oi^  the  right  side  a  ivottled 
Appearance.  The  o'hole  of  the  arm  and  hand  via&  cold,  bnt 
painful  when  pressed;  the  skin  was  very  tense;  on  the  in- 
side of  (he  ami  ve^icotions  hod  formed  below  the  armjHt 
«nd  near  the  elbow,  and  uDd«r  euch  of  the  blister)  was  « 
red  sp<rt  of  the  siie  of  »  crown.  The  akin  generally  over 
tb*  tody  hud  become  warm.  At  noon  ttie  skin  of  the  whole 
atm  httd  a  livid  appearance,  similar  lo  what  is  met  witb  in  a 
^ead  liudy,  when  putrefaction  has  begvn  to  t»ke  place, 
nnhke 
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'  "^mnke  any  iWng  I  had  cverccenin  bo  large  a  portion  of  the  Effrelf  (*A< 
living  body.     An  obscure  flu(.-tuall&n  whs  tv\t  undrr  Ihfc 
feVia  oftheauUldDnf  lift  wrist  nnd  roreorm.  wliicli  indiictd 
me  to  inaWc  a  puncture  wilii  a  Inncet,  but  bnly  &  small  pot"- 
tioti  of  a  ftpront  fluid  was  difcbarged. 

On  Uie  igili  his  pulse  waa  scurrtly  percepliUe':  Ilia  tx^ 
i^Craaitiea  were  cold :  the  vesiValions  were  larger,  the  site  vX 
ttie  arm  was  diininUhed,  and  he  bad  sen^ntion  in  itdnirn  in 
hi*  fin^n. 

■'  On  the  Sltt  the  siae  of  the  arm  was  further  reduced,  but 
»rte  akin  w9s  extremely  tender. 

n  the  S3d  the  right  side  of  the  back,  down  lb  the  lulniti 
lirus  indamed  and  paitifbl ;  and  had  a  very  tnottled  epptur- 
Bnee  frortl  the  extravasnttil  blood  under  the  kkin. 

Oh  the  33d  the  veskationa  hod  bur^t.  On  the  28lh  the 
ITTR  was  iDOre  Bwellbd  nnd  liiflitnied.  Tlit  iuflammatioii 
tBcrmeit ;  and  on  the  23lh  a  elouc;li  had  begun  to  sepatittfe 
from  the  inside  of  the  arm  below  the  armpit.  On  the  2<m1i 
a  hli^  abscexG  had' formed  on  Hie  outside  of  tlie  e1btt«p. 
which  was  opened,  and  half  a  pint  of  reddish  brown  ranitet 
was  discharged  with  sloughs  of  cdluliir  membrane  flouting 
Tlie  lower  part  of  the  arm  became  much  smaller, 
ibat  thb  upper  part  continued  Itnse. 

.  0(1  the  30lh  the  redness  and  sweUing  of  tli«  upper  pilrt  Of 
Idiearm  had  subsided.  On  the  31st  the  dischor<;e  from  th« 
••bscesB  bed  diniinivlied.  On  the  in  of  November  ukerit- 
-tion  had  taken  place  on  the  opening  of  the  sbscess,  so  that 
>  much  increased  In  bize.  The  next  day  this  ulcera- 
tion had  spread  lo  the  extent  of  two  or  three  inches ;  and 
liBcaiion  had  came  on  in  (he  Gkin  nearer  the  armpit. 
On  the  3d  the  mortiticatiuu  hud  spread  conMdcrHhlv;  and 
<tbe  fore  linger,  which  hud  moriilied,  hus  removed  at  thb 
•econd  joint.  And  on  the  4th  uf  Noveraber  he  died  ul  half 
«fier  four  o'clock  in  Die  ufternoon. 

Sixteen  hours  after  death,  the  body  wSs  examined  bjr  Ai  p!=bh(*6 
Mr.  Brodle  and  myself)  in  the  prejence  of  Mr.  Maynard,  ""   "^"•'"  ■ 
the   bouae  lurgeoo,    nnd   several    of   the   pupils    of    the 
<ko«pital. 

With  the  «Hceptiea  of  the  right  srm,  i»lii;;h  hiid  bMd 
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AppcanacM    bitten,  the  body  had  the  natural  appearance.    The  tkiu 
was  clear  and  white ;  add  the  mascles  coatracted. 

The  wounds  made  by  the  fanp  at  the  baae  of  the  thumb 
were  healed ,  but  the  puncture  made  by  the  lancet  at  the 
back  of  the  wrtst  was  still  open.  That  part  of  the  back  of 
the  hand,  which  immediately  surrounded  the  wounds  made 
by  the  fangs,  for  the  extent  of  If  incli  in  every  directioiH 
as  also  the  whole  of  the  palm,  was  in  a  natural  btate,  ex- 
cept that  there  was  a  small  quantity  of  extra vasated  blood 
in  the  cellular  membrane.  The  orifice  of  the  abscess  was 
enlarged,  so  as  to  form  a  sore  on  the  outside  of  the  arm» 
elbow,  and  forearm,  near  six  inches  in  length.  Around 
this,  the  skin  was  in  a  state  of  mortification,  more  thaji 
half  way  up  the  outside  of  the  arm,  and  as  far  downwards, 
on  the  outside  of  the  forearm.  The  skin  still  adhered  to 
the  biceps  flexor  4nuscle  in  the  arm ,  and  flexor  muscles  in 
the  forearm,  by  a  dark  coloured  cellular  membrane. 
Every  where  else  in  the  arm  and  forearm,  from  the  axilla 
downward,  the  skin  was  separated  fir^m  the  muscles,  and 
between  these  parts  there  was  a  dar)(  coloured  fluid,  with 
an  offensive  smell,,  and  sloughs  of  qellular  membrane  re- 
sembling wet  tow,  floatiag  in  it.  The  muscles  had. their 
natural  appearance  every  where,  except  on  the  surface, 
which  was  next  the  abscess.  Beyond  the  limits  of  the 
abscess,  blood  \^'as  extravasuted  in  the  celluhir  merob/ane; 
and  this  appearance  was  observable- ou  the  ri^ht  side  of  the 
back  as  far  as  the  loins,  and  oa  the  right  bide  of  the  chest 
over  the  serratus  major  auticus  musclt^. 

In  the  thorax  the  lungs  had  their  natural  appearance. 
The  exterior  part  of  the  loose  fold  of  the  pericardium, 
where  it  is  exposed  on  elevating  the  sternum,  was  dry,  re- 
sembling a  dried  bladder.  The  cavity  of  tiie  pericardium 
contained  half  an  ounce  of  serous  fluid,  which  had  a  frothy 
appearance,  from  an  admixture  of  bubbles  of  air.  On 
cutting  into  the  aorta,  a  small  quantity  of  blood  escaped, 
winch  had  a  similar  appearance.  The  cavities  of  the  heart 
contained  coagulated  blood. 

In  ihe  abdomen,  the  cardiac  portion  of  the  stomach  was 
moderately    distended  with  fluid:  the  pyloric  jiorlion  was 

much 
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put'h  coiittacted;  the  iiiternul  Riembtaue  hud  ils  vesieU  ApponnM^ 
very  turgid  wilU  bloud.     The  iiilntiuc*  aud  liver  had  aOn'li«''™' 
liolliiy  ap()earaliice.     The  gall  bladder  was  tiioderutety  full 
«r  he»lthy  bile.     The  UctcuU  uud  the  thocucic  duet  were 
empty ;  ihey  hj|d  a  nutural  appturHiice. 

In  the  cranium  the  vessels  of  the  )>ia  mater  and  bruin 
frere  turgid  nith  blood  i  the  Feotriclt-s  coiit«iued  rather 
ftiore  ffutcr  thun  is  uaual,  and  wuter  nua  el)b»ed  itito  tlie 
cellii  CDiiiiecCiu^  the  pia  mater  4iiid  tunica  nnicliuoides,  U 
Wlo  be  observed,  that  these  u|>|>eajruuCL'>.  in  tlie  braiu  and 
itn  membruites  are  very  frequently  found  in  cases  of  auute 
diteaaet,  whieh  terminiile  fatally. 

Mr.  Home  then  adds  two  eiises,  that  were  «eut  front 
India  to  the  late  Dr.  Patrick  Knssell,  which  correspond  m 
■nuny  of  the  circuai stances  wiih  the  preredingi  and  an  ex- 
perimetit  he  made  formerly  in  the  ialand  uf  St.  Lucia  on 
the  efieetir  of  the  poison  ot*  a  ^iiake  on  two  rats.  'J'he  int 
cMeH  that  of  a  boy,  >tho  via  bitten  by  a  aiiiike,  called 
hamnlef  by  the  natives,  in  the  lower  part  of  the  arm,  at  * 
e'clcck  in  the  evening.  The  blood  flowed  very  freely  lui 
Mme  time.      He  died  next  day  at  iioou  in  great  jiain. 

The  tei'ond  is  Uiat  nf  a  sepoy,  ftO  yenrs  «f  age,  bittea  * 

ba  the  buck  part  of  the  hand  by  a  cobra  di  eapelh.     He  re- 
covered, (houj^'h  filowly. 
-    Tlie  paper  concludes  with  the  following  observations. 

It  appenrs  from  the  facl^,  wliiili  have  been  stated,  that  KHecif uf ihc 
die  eScctsof  Ihebiteof  a  snake  vary  according  to  the  inten- "IJf"'""'"' 
•ity  of  the  poiuiu. 

Wbeii  the  polton  \*  very  actire,  the  local  irritation  ti  lo  when  the 
juddeii  and  so  violent,  oud  its  eifecta  on  the  general  system  P"'"'"  "  ■'■■7 
■re  so  great,  that  death  soon  tiil.i'^  place.  When  the  body 
i«  aftei'nard  inspected,  the  only  ulli-rutioii  of  xlructure  met 
«ritb  is  in  the  parts  c1u!<e  to  ilie  bite,  where  llie  cellular 
nembnine  i>  couiplelely  destroyed,  and  tlie  nci^hboaring 
t■ltlM^1e»  very  considerably  iiillunied. 

When  the  poison  in  Ivm  iiiten'w*,  the  shock  to  (he general  Wliru U;i k, 
flTslera  do(-5  not  prove  fulul.     It  brin>^  on  ■  tti^ht  decree 
Itf  delirium,  anrf  the  pain  in  the  part  liilten  is  very  seTcre :  # 

in  aboot  bilfun  hunr,  iwHIin^-  tHk«  pi  ice  frnm  an  efFu^iun 
«!'  aerum  in  Tb>'  cellular  membiune,  vrliich  ciiiiiinaes  to  in- 
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creBM  wifh  greaiet  orless  rapidity  for  about  twelve  hours, 
extending  during  that  period  into  the  neighbourhood  of  the 
bile ;  the  blood  ceaies  to  flow  in  the  smaller  vessels  of  the 
swoln  parts;  the  skin  over  them  becomes  quite  void,  the 
action  of  the  heart  is  bo  ireak,  that  the  pulse  is  scarcely 
perceptible,  and  iliif  sturaach  is  so  trriiable,  that  nothin);  is 
retained  in  it.  In  about  60  hours  these  symptoms  go  olT. 
inflammation  and  suppuration  take  pluce  in  the  iojored 
parts,  and  when  the  abscess  formed  is  very  great,  it  provei 
fatal.  When  the  bite  has  been  in  the  Buger,  that  part  ha* 
immediately  mortilied.  When  deulh  has  taken  place  under 
nich  circumstances,  the  absorbent  vesfels  sod  their  gland* 
have  nnder^^one  no  chitnge  simitar  to  the  eHect  of  morbid 
poisons,  nor  hus  any  part  lost  its  natural  appearance,  except 
those  immediately  connected  with  the  abscess. 

In  those  patients,  who  recover  with  difficulty  from  the 
bite,  the  symptom*  produced  by  it  go  off  more  readily,  and 
more  completely,  than  those  produced  by  a.  morbid  poiion* 
which  has  been  received  into  the  system. 

The  violent  effects  whieh  the  poison  produces  on  the  part 
bitten,  and  on  the  general  system,  and  the  shortness  of 
their  duration,  where  they  do  not  terminate  fotally,  ha* 
frequently  induced  the  belief,  that  the  recovery  depended 
ou  the  medicioeii  epiptoyed  ;  and  in  the  East  Indies  eau  de 
tuce  is  considered  as  a  specific  fur  the  cure  of  the  bite  oftbs 
cobfa  di  capello. 

There  does  not  appear  to  be  any  foundation  for  such  an 
opinion  ;  for  when  the  poison  is  so  intense,  as  to  give  a  suf* 
(icient  shock  to  the  constitution,  death  immediiitely  takes 
place;  and  where  the  poison  produces  a  local  injury  of  Buf- 
fici cut  extent,  the  patient  also  dies,  while  all  slighter  caaea 

Tlie  effect  of  the  poison  on  the  constitution  is  *o  irnme* 
diste,  and  the  irritability  of  the  stomach  is  so  great,  that 
there  is  no  opportunity  of  exhibiting  medicines,  till  it  ha* 
fairly  tuken  place,  and  then  there  is  little  chance  of  bene- 
ficial effects  being  produced. 

The  only  rational  local  treatment  to  prevent  the  secondary 

mischief  IS  milking  hgiitures  above  the  tumefied  part,  to 

compfeis  the  cellular  membranCt  and  set  bounds  lo  the 

swellios, 
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indllng.  wlticb  only  sprewl«  iu  the  Incne  parts  under  ihe 
ikin ;  anil  scarifying  freely  the  pam  nlrrmdy  awoln,  that  liie 
etfusiid  serum  may  escape,  and  the  motur  he  digchargcil. 
Bs  soon  att  it  is  foTmed.  Ligature  kre  employ><d  id  Amerion, 
4>at  with  B  different  view,  namely,  to  prereut  the  poiwti 
s  alMorbed  ioto  the  srstein. 


Anatyses  of  various  Miaerah,  by  Sir.  Klaproth. 
fConclHdtd  Jrom  p.  1557 


Jiialjfus  o/tale  and  mica, 

\.MONG  the  mineralB  whit-h  are  most  commotily  known  Tuli  wd^ 
Hhtrre  ore  several,  the  analysis  of  which  deserves  to  be  re-  ^^,"^2," 
|iemted,  for  the  purpose  of  correcting  their  clussiti cation. 
~  ugh  tulc  and  mica  may  be  distinpiiiiihed  from  each  other 
in  Strongly  marked  specimens,  which  serve  aa  types  of  the 
twA  BpecieR,  they  have  a  great  deul  of  similitude  in  their 
fcxtemal  characters.  But  as  nature  is  far  from  having 
IKp»rated  minerals  by  limits  as  well  marked,  as  those  we 
hre  obliged  10  employ  in  our  systems,  in  order  to  fHcilitate 
R  knowledge  of  them,  there  are  found  between  mica  on  the 
bne  )mnd,  which  belongs  to  (he  argilloceoiis  genus,  and  talc 
DO  the  other  which  belongs  to  the  magnesinn,  a  great  many 
ninerols,  occupying  various  places  between  the  archetypes 
of  the  two  species,  and  perplexing  the  mineralogist  in  his 
determination  where  to  place  (hem. 

Thus  Mr.  Hjuy  has  classed  aroong  the  talcs  aeverol  mine- 
ral*, which  he  is  apprehensive  will  not  uUimutely  be  allowed 
(tain  their  pUce.  "  1  confess,"  he  <ayB,  "  that  among 
Ibe  tn'tnerali  I  have  included  under  the  name  of  talc,  there 
■re  perhaps  several,  which  chemiciil  analysis  will  not  sufier 
n  rvtnaia  there :  but  it  appears  lo  me  at  prcbeut  premature, 
to  make  tny  change  in  this  part  of  (lie  system  ;  particularly 
H  I  find  we  hare  no  analysts  of  pure  talc,  that  is  not  very 
»ld.     Thin,  therefore,  thould  be  rcesiamined,  that  we  may 

Vol.  XX\  11.— Nov.  ISIO.  (J  have 
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ffif  AirAx.Ttts  or  TAic  Ann  iiica* 

tbe  lUane  of  tule  was  employed  in  contvodistioctioo  to  ttittt 
of  mica;  talc  sipfiifying  a  mica  ia  large  laminfle».and  micai 
a  talc  in  small  scales*  It  was  sijipposed  to  have  been  oIh 
seired  too,  that  talc  was  softer  to  the  feel,  and  mica  more 
harsh  i  but  the  point  of '^patatioti,  where  talc  ceases  to  be 
mica,  and  mica  talc,  tftill  remained  to  be  determined/' 

To  fix  the  'boundary  between  these  two  minerals  with 
accuracy^  a  strict  investigation  of  the  component  parts  of 

Common  mica  mica  was  still  requisite.  Accordingly  Mr*  Klaproth  took 
*™'**  the  common  mica  of  Zinnwalde,  in  the  mountains  of  Bo- 
hemia, fur  this  purpose^  It  is  found  over  a  tin  mine ;  is  of 
a  silvery  white  mingled  with  gray ;  and  is  crystallized  in 
hexagonical  laminsKi  a  little  elongated,  of  an  elastic  flexi« 
bility,  and  usually  arranged  in  the  form  of  a  rose. 

While  this  elastic  kind  of  flexibility  may  serve  as  one  df 
the  external  characters  to  distinguish  mica  from  talc,  which 
has  only  an  ordinary  flexibility,  the  manner  in  which  mica 
comports  itself  on  exposure  to  heat  is  still  more  character* 

AcHoftofhtst*  istic.  When  mica  is  heated  redhot,  its  silvery  white  is 
changed  to  a  deeper  gnj,  but  no  diminution  of  weight  is 
observed tf  Before  the  blowpipe  on  a  piece  of  charcoal  it 
melts  readily  into  a  shining,  rounded  bead,  of  a  grayish 
black.'  Exposed  to  the  heat  of  a  porcelain  furnace  in  a 
clay  crucible,  it  fuses  into  a  dark  opake  glass ;  and  in  a 
charcoal  crucible  into  a  semitransparent  glass,  covered  with 
grains  of  iron. 
The  results  of  its  analysis  were 

Component     *  Silex    *•*  4? 

f*rt«-  Alumine* •••••«* 20 

Oxide  of  iron  •  •  •  •  • 1 5'5 

■•  ■  ■  manganese  •  •  •  •  ]  "75 

Potash    • 14*5 


98-75. 


'  3.    Siberian  micdt  in  large  lamina* 

IKf uscovy {Itf »•  'the  tnica  in  large  laminte,  or  Mu.<;covy  glass,  called  hi 
Russia  ^linda^  differs  so  much  from  common  mica  in  the 
largeness  of  its  lamineei    and  in   its    splitting   perfectly 

straight^ 
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ght,  that  a  chemical  aiialfrii  wna  reqainte,  lo  deter- 

t  whether  it  be  in  reality  a  variety  of  mica.    It  U  chiefly 

I  in  Riisiiia  and  Siberia  inblead  of  glass  for  wiiiJonrs,oa 

ich  account  it  is  an  article  of  trade.     It  ia  found  in  the 

I  Temoteat  parts  of  Siberia,  on  tlje  other  side  of  the  rivet 

I  I^Da,  and  almost  alnaya  near  the  rivert  Vitim  and  Mama, 

lilt  occurs  in  a  coarse-grained  granite,  and  in  large  massea  of 

f  quartz,  either  in  nodules  uf  difltrfnt  aizea,  or  in  thick  la- 

•  lying  in  various  directions.     It  is  got  out  with  the 

mallet  and  chisel.     As  the  rock  is  very  hard,  it  is  wrought 

only  to  the  dt^pth  of  a  fathom  by  Russian  colonists,  who 

form  comgiaiiics  fur  this  purpose,  and  go  and  riside  in  the 

Deighhouriug  woods  during  the  suuioier.     AAer  the  mica  is 

got  ont  of  the  qnarr}',  it  is  sorted  according  to  the  sue  and 

clearness  of  the  plates,  and  then  curried  (o  market,  chleHy 

•t  Irkutzk)  whence  it  is  sent  to  various  pbceii. 

The  pieces  fresh  taken  from  ihe  quurry,  and  not  split, 
I  have  a  smoky  or  bronnikh  colour,  are  opake,  and  r«fl«ct 
I  Ejects  Like  a  mirror;  but  iu  thiu  plates  the  colour  disap- 
I  Bean>  and  the  mica  is  tiansparcrtt.  Their  price  varies  con^ 
I  ^enibly,  according  to  the  size  of  the  plates :  some  are  36 
I  sr  40  inches  square ;  but  iu  general  they  are  only  thr«e  or 
[  fpur  incheti  and  such  «s  are  loss  than  thia  are  worth  very 
I  little. 

Before  the  blonpipe,  on  charcoaU  Muscory  glass  Uses  Actlonof  btM 

ta  transpareucy,  and  becomes  of  a  silvery  white,  but  does 

Ml  luelt  like  common  mica.     If  large  plate»  of  mica  be 

Bleated  ledUot  in  ctucibles,  or  on  charcoal,  thty  at'quire  a 

vytiiking  apiiearance  of  thin  lamiuie  of  silver,  and  experience 

I  loss  of  1*2$  per  cent.     This  mica  is  infusible  even  by  the 

'  a  porcelain  furnaca.      In  a  charcoal  crucible,  in 

which  several  of  tliese  laminae,  rolled  cue  upon  another) 

Itad  been  placed,  the  outer  ones  were  found  of  u  grny  co- 

I   lour,  glared,  and  fragile;  the  tuner  one*  were  as  bluck  aa 

[  tii^c^t  and  flexible.     Id  a  clay  ciucible  alt  were  hardened, 

I  vitrilied,  fragilei  and  sonorous;  and  their  colour  waa  of  a 

I  grayish  white,  the  surfuLi:  only  being  in  part  light  brown. 


iXALTteS  Of  TiLC  IKD  MICA. 

The  Ksalts  of  ito  sDBljrue  were 

Sjlex  f 48 

Alumine > 34'25 

Oxide  of  iron 4'5 

MBgnei.iB,  mixed  with  k  little  oxide 

of  mangaaeec*  •  •  •  • 0'3 

Potash 8-75 

LoM  b;  c^cipation   1-25 
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4.  BhQk  Siberian  mica- 

BlickMuKoiy      Another  variety,  fbuni)  in  siiailar  situations  with  the  pr©.  I 
**"*  ceding,  IS  the  black  mica,  pr  black  Muscovy  gUsi.     ThU^ 

differs  both  from  the  preceding  and  the  common  mica, 
only  in  nppcaraoce,  but  in  the  proportions  of  its  cotuponeut 
parts.     The  following  ii  Karsten's  description  of  it. 

When  in  large  masses  it  appears  black,  but  in  thin  plate* 
it  is  a  deep  ohTe  green.  Before  the  laminx  are  aeparatedi 
they  exhibit  metallic  reflections  of  green,  blue,  snd  red,  on 
being  held  uuder  different  angles  to  the  light.  It  may  be 
obtained  in  large  platet.and  these  split  into  thinner,  nhich, 
by  thtdr  tendency  to  form  rhombs,  indicate  a  secondary 
juncture.  The  principal  fracture  in  lamellar,  with  very 
fihining  laminie  of  a  greasy  and  semimetallic  lustre.  This 
mineral  is  very  tender,  extremely  smooth,  and  perfectly 
transparent  when  the  lamina  are  very  thin,  though  entire 
pieces  sre  opake.  The  laminte  have  a  perfectly  elastic  flex-> 
ibility. 

This  substance  is  employed  scarcely  for  any  thiog  but  ' 
lining  httle  boxes  either  of  wood  or  pasteboard. 
Attionef  hut.  Before  the  blowpipe  on  charcoal  it  does  not  appear  to  1 
undergo  fosion  except  at  the  edges  of  the  laminee.  If  larger  | 
plates  be  healed  redhot  in  a  crucible,  they  acquire  a  tombac  1 
brown  colour  with  a  metallic  brilliancy.  The  leave*  spli^  I 
and  appear  friable.    They  lose  one  per  cent. 


BCSCBIPTIOH  OF  TUC   OICUROtT. 
Tin  malts  of  llie  Analysis  »« 

Silei     42-5 

Alumioe 11-5 

Magnesia 9 

Oxide  ofiron 92 

■  -■      manganese  ....     2 

Potash lO 

Loss  by  calcination 1 


I 


From  what  has  been  said  we  in«y  conclude: 

1.  Tbat  pure  talc  contains  magnesia,  aod  no  slumine,  Diftcmwia  b»- 
I  which  is  a  decided  characteristic  of  this  stone.  jT^  "■•  """ 

3,   That  common  mica  contains  almnioe,  and  oo  mag> 
r  nesia. 

3.  That  Muscovy  glass  differ*  from  common  mica  by  its 
refractoriness,  its  larger  proportion  of  aliimine,  its  smaller 
proportion  of  oxide  of  iroo,  and  its  containing  a  trace  of 
magnesia. 

4.  That  the  black  mica  of  Siberia  deserves  to  be  consi- 
dered as  a  variety  differing  both  from  common  mica  and 
Muscovy  glass  by  its  proportions  of  alumine  and  magoeaia, 

well  as  by  its  larger  proportion  of  oxide  of  iron. 

5.  That  mica,  and  its  different  varieties,  are  to  be  reck- 
oned among  the  richest  of  the  potassiferous  minenila. 


ttttcriptum  of  iht  Dtehroit,  a  nfic  Sptciet  of  Mintrat:  bjf 
Mr.  U  CoEDiER,  Jlf iue  Eigiueer  n  WiV*. 


a  about  to  describe  betoitg*  Ib  the  class  MinrnI  pw 
e  in  a  syslrai  appear*  ^^?,'.'"* 
not  b«  more  remarlt- 


JL  HE  mineral  1 

of  earthy  sabstance*.     Its  proper  pli 
to  be  next  the  emerald }  and  it 

able  ihun  most  ipedes  of  the  same  clau,  if  \l  were  oot 
•  Abrtdpd  riom  lb*  Jovmil  de«  Mines,  ia1,  XXV,  p.  129. 
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indued  with  a  particular  prot^erty,  the  kncywledge  of  i^ich 

nay  be  interesthif^  perhaps. to  those. philosophers,  who  study 

the  course  of  light  through  crystallized  mediums. 

Where  found.      This  mineral  was  fouud  at  Cape  de  Gattes,  iu  Spain.     It 

was  already  known  to  the  inhabitants  of  the  country,  and 

the  lapidaries  of  Carthagena,  when  Mr*  Launoi,  a  dealer 

in  minerals,  visited  the  place  about  twenty  years  ago,  and 

brought  away  some  specimens,  which  have  been  sold,  part 

in  France,  and  part  in  Germany.     Most  of  these  specimens 

being  badly  defined,  they  added  to  collections  a  rarity,   of 

which  science  took  no  account. 

Not  jet  UM'         Being  at  Cape  de  Gattes  a  few  years  ago,  I  was  fortunate 

^J'^^  enough  to  meet  with  some  pieces  of  the  mineral  in  question, 

all  the  essential  characters  of  which  were  sufficiently  de- 

cided",'  and  indicated  a  new  species.     I  purposed  to  give  a 

description  of  it,  as  soon  as  I  had  analysed  it ;  but  not  yet 

having  had  an  opportunity  of  doing  this,  I  am  induced  to 

Mentioned  b?  publish  my  mineralogical  observations  on  it,  particularly  as 

writers.  some  foreign  mineralogists  have  been  beforehand  with  me. 

Mr.  Keuss,  in  the  last  volume  of  his  treatise  published  in 

]806>  Announces,  that  Werner  has  made  a  new  species  of 

the  substance  from  Cape  de  Gattes,  by  the  name  of  ydith ; 

that  he  haa  ranged  it  next  the  cat's-eye,  and  divided  it  into 

three  varieties,  the  vitreous,  porphyritic,  and  common.    Mr. 

Karsten,  adopting  Werner^s  opinion,  in  his  Mineralogical 

Tables  for  1608,  has  placed  the  yolith  between  the  lazulite 

and  andalousite  of  Delametherie,  and  gives  tht:  following 

description  of  it. 

ICarsten'^t  de-        •«  This  mineral  is  found  of  a  deep  lavender  blue,  in  mass 

%c  ptiea..        or  disseminated;  of  a  feeble  Ipstre,  verging  from  brilliant 

'*"to  shining;  with  an  uneven  fracture,  the  fragments  of  which 

are  indeterminate,  and  with  very  acute  edges;  the  separate 

•  <  .     ■     .pieces  are  indistinct,  and  large  grained.     It  i»bard,  brittle, 

'  '   .    '     opake,  and  moderately  heieivy.  It  is  found *at  Cape  de  Gattes 

.  ^  -■.   . .  in  Spain, associated  with  lithomarge,  quartz,  and  cr}'btallized 

alpaaudine." 

It  is  difficult  to  find  in  this  description  the  characters* 
that  induced  Werner  and  Karsten  to  make  a  particular  spe- 
icies  of  the  mineral  in  question,  for  it  is  equally  applicable 

to 


IIKICBIPTtoH    QF  TIIR   DIGBSOIT. 

to  varieties  of  knunu  eubfctaivcviii  uqd  |>articul(irly  to  the 


Kcfore  1  ]in>ce«l  to  tJescribv  the  dichroit,  1  ought  ta 
observe,  that  it  is  uot  nKrotioiiett  in  Deluuctlierie's  Theory 
of  the  Etirlli,  Haiiy's  Treatise  ou  Mineralogy,  Patrla'a 
i*ork|  Brori);iii art's,  the  Absti«ct  of  Haiiy'a  Method  hy 
LiK'as,   or  any  other  work  yet  publiilicd  iii  t'ruiici?, 

Hillierlo  the  dichroil  hot  been  found  only  iu  amorphous  How  found, 
or  cryslullized  gmins,  soiuetiuips  colleetud  in  small  uiudttcs, 
not  four  inches  in  diameter. 

its  essentiul  chnracter  \a  its  being  diviMble  pHralM  to  E:ii(rni;al  ch*- 
die  faces  of  a  regular  hexaedrsil  prtsro,  and  capable  of  sub*  rattci. 
diviaiou  by  loDgitudinal  scctioait  perjtendicular  to  the  lateral 
faces. 

its  specific  grarity  ia  2'56.  Phyriial  chk. 

It  Bcrutcbes  glass  strongly,  quartz  feebly;  and  is  easily  "=''■"■ 
hro\trn. 

Its  fracture  is  vltreoun,  tolemhiy  shining,  and  frequently 
giring  very  evident  indications  of  Males.  

Its  frJijoients  are  irregular  with  sharp  edges. 

Its  powder  feels  very  rough. 

The  lustre  of  the  externul  surface  commonly  dull. 

The  translucid  crystals  exhibit  a  pnrticulur  phenomenon, 
«hich  may  be  cuHed  rhat  of  double  colour  by  refraction. 

Its  primilive  form  is  a  regular  hexaodnil  p'ri-m.  Geometric»l 

Its  integrant  particle  is  a  triangular  prism,  th?  bases  of '^'""■*«"*- 
which  are  scalene  rectan^li^ 

It  is  nut  acted  upon  by  acids.  Chemicsl  chM 

Before  ih«  blowpipe  it  fuses  into  a  verj'  light  greenish  '"""^ 
gray  enuniel.    A  similar  result  is  obtained  cither  with  borax 
or  carbonate  of  soda. 

The  dichroitls  (liatlnj^ilshahle,  1,  from  the  emerald,  be-  Duilaguishtng 
MUse  the  *pecifie  gravity  of  the  latter  is  greater  in  the  pro*  ('"""trers, 
portion  of  ID  to  9;  its  integrniit  particle  is  aa  equilateral 
triangular  priim;  and  it  fuses  more  difficultly  ;  2,  from  the 
toiirmaline,  ia  not  becoming  electrical  by  heat,  und  in  be- 
ing l^i  hard,  mid  le?s  heavy:  3,  from  the  corundum,  in 
tht  t&tter  being  infitsihle,  and  uRecling  a  rhomboidal  pti- 
mitllM  form  :  4,  from  the  dipyre,  or  leucolite,  because  th« 
toM«  foBM  with  cWUition,  and  its  powder  ii  more  phoipho* 
resccnt ; 
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VMTcnt;  5,  from  Um  nepheltnei  w  sommite,  beniiw 
>>ieces  of  the  latter  immeriied  in  nitric  acid  become  cloudy 
'uitMvally,  uod  its  speciiic  gcuvity  i»  Itks  iii  llie  )irop«rtion 
of  fauc  lo  five :  6*  from  th«  hauyne,  in  the  propnty  of 
the  latter  to  reaolve  into  a  jelly  in  UL-ids. 

There  ate  four  varietiei.  1.  The  prirailive  dichroil, 
which  )■  a  regubr  henuedrul  priiin. 

1^  The  peridodecucdral.  A  reciangted  prumit  with  twthe 
lacni  iacliued  to  i.nj>ch  other  atanj^li-s  of  isti". 

X  Aruorphau:^.  In  large  irie^lax  grains,  exhlhiting 
tbe  TudiweDlfc  of  crystallizatkon. 

4-    GraDular,     lu  irregular  inutseE,  formed  of  very  larg* 
grains  contustdly  aggregultd. 
,      \\  ith  re^^pt^ct  to  truiis^areucy ,  it  is  sometimes  transilucid^ 
souctiiuiB  i>pBlte. 

Ali  the  cryUalu,  or  grains,  viewed  by  teSectei  lif;kt,  are 
of  a  vioitt  cnlaur,  wliich  is  generally  less  tirif^Iit  iu  the  lon» 
gitudiuiil  direction  of  the  prisms. 

AU  the  traiialucid  crystals  or  graius,  seen  by  refrefted 
lij^titr  are  bolti  of  a  brownish  yellow  wid  an  indigo  blue* 
When  uit:w«d  parullel  lo  the  axis  of  the  pritin,  they  con> 
ktuutly  exbibit  a  very  deep  blus  :  but  when  viewed  perpaii* 
tiiciiliifly  to  this  o^U,  they  are  of  a  very  IJglit  brownish 
yellow,  ill  the  secuud  case  the  tranapureni-'y  appears  to  be 
inereaited  in  the  proportion  of  six  to  one. 
J  Tiie  dicliroit  is  found  in  two  places  at  Cupe  de  Gittee ; 
namt.'ly,  at  Granatitlo,  near  Nijar,  where  its  situation  was 
veritied  auew  last  year  by  Mr,  Tondi ;  and  at  tb«  foot  of  the 
nuuntaini  turrounding  tlie  bay  of  San  Pedro.  The  pre* 
ceding  desL'riptioa  id  drawn  up  from  ^pedoteus  from  the 
Wtter  place.  They  are  found  there  in  «  vast  horiiontal 
ledge  of  volcanic  breccia.  This  breccia  ia  composecl  of 
detritus  of  every  kirid,  but  Bttrr  particularly  of  frngnteul* 
and  blocks  of  bhick  or  r«d  Korije  ia  perfect  preservation,  of 
black  vitreous  lava,  and  of  llchoid  lava,  Mtber  basaltic  or 
Itetrosiliceous,  The  dicbioiit  ii  found  chiefly  in  blocVa  of 
tlie  latter  kind.  Sometimes  it  occura  in  the  form  of  icvtter* 
«tt  grains,  stunetiiues  of  crystals  grauped,  and  as  it  were 
isihedded  in  the  lava.  It  i>  found  also  not  only  in  the  gray 
or  whititU  lufu,  which  serve*  as  a  base  to  the  bcecvla,  but 

a  1*4 
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alu'io  lome  of  the  fragments  of  foliaceous  grnnit«,  wliich 
it  indudes.  Thtse  frag  men  Is  have  evidantly  be«D  e.xpoMsd 
to  the  action  of  heal;  and  th«  primitive  ttratum,  from 
whii'h  ihey  have  been  detached,  ia  very  proliabljr  the 
original  matrix  of  the  dichroi't.  In  fact  they  exhibit  id  tlieir 
comimMtian  Acales  of  black  micD,  and  traitezoiJal  red  gno 
nets  gimilar  to  those  we  lee  contujiied  i[\  the  masses,  nnd 
even  in  the  iDterior  of  the  cryetals  of  this  minerul,  which 
indicates  a  contemporaneuua  I'urmation.  The  petroMiiceous 
lava,  that  commonly  Berves  as  a  gangne,  is  mlher  granolar 
than  compact.  It  is  of  the  same  nature  as  that  of  the 
Ponce  blands.  or  that  of  the  Puy-de-Dcinie,  and  of  the 
cascade  of  Monti^'Or  in  France,  l)eing  composed  of  very 
fine  ^rain;  of  feldspar.  The  fire  has  left  some  very  evident 
traces  of  its  action  on  the  crystals  and  masses  of  dichroU: 
tnost  of  the  masses  ap|>ear  a;  if  corroded  in  different  placen, 
both  internally  and  externally,  and  in  the  ca»itie»  are  seen 
portions  of  white  srorite,  either  intact  or  decomposed.  The 
vryitals  are  almost  all  partly  fused,  cracked,  and  full  of 
fiang.  Their  frBgmenis  frequently  present  surfaces  render- 
ed dull  by  an  extremely  thin  whitish  coating,  that  conceals 
th«  lustre  of  the  fracture. 

From  what  has  been  suid  it  appears,  that  lite  mineral  of  K 
Cape  de  Gattes  differs  from  all  other  known  substanceg, "" 
Its  primitive  form,  specific  gravity,  property  of  transmitting; 
rays  of  two  different  colours,  and  the  other  positive  or  nega- 
tive characters,  that  distinguish  it  more  particularly  from 
each  of  the  STibstances,  with  which  it  is  most  likely  to  be 
compared,  are   bo   discriminative,    that   we  cannot  avoid 
considering  it  decidedly  as  a  new  Epecics,  without  recurring 
to  the  lestiinon'y  of  chemical  analysis.     At  the  same  time  it 
veemi  to  me  most  suitable  to  give  it  a  name  from  its  re-  u 
tnarkable  properly  of  doulile  colonr,  and  auch  is  the  ety-  ''' 
tnology  of  the  name,  winch  Mr.  Hauy  had  the  goodness  to 
tuggest  to  me.     1  conceive  myself  sufficiently  authorized 
to  reject  the  denomination  of  yolile  (violet  stone],  derived 
from  the  superficial  colour  of  the  crjstols,  because  in  the 
present  case  its  application  would  be  more  inconsistent  than 
in  raany  others.     Besides,  it  is  too  liable  to  be  confounded 
l^ith  hyalite,  appropriated  to  the  concrete  Ityaliue  quarts. 


f 3S  iVALTSIS  OF  NEE1>LB«OEB. 

•r  yaaoJite,  or  yooolite,  given  by  I>«UiBietherie  to  t)i€  oW 
violet  schoerK  ' 
ti  psobaMy  FroiD  the  primitive  form  of  the  dichroit  it  is  to  be  pre« 

^^ce^*  sumed,  that  it  possesses  the  property  of  producing  a  double 
image;  but  this  I  could  net  ascertuin»  for  want  of  crystals 
aufflciently  transparent.  The  verification  of  this  conjecture 
however  would  be  the  more  interesting,  as  the  phenomenon 
of  double  refraction  could  take  place  only  in  a  direction 
oblique  to  the  axis  of  the  prism ;  of  which  1  have  satisfied 
myself  by  experiment,  and  which  the  phenomena  of  the 
emerald  sufliciently  eontirm.  Hence  we  see,  that,  on  the 
hypothesis  of  a  double  refraction,  there  would  be  such  a 
riilation  between  this  phenomenon  and  that  of  the  double 
colour,  that  tlie  crystals  would  double  images  iu  the  ctireo* 
tion  in  which  the  colours  appear  mingled,  while  we  should 
^e  a  simple  image  by  looking  in  that  directLon»  in  which 
^ch  colour  becomes  exclubive. 


Tc: 


XII. 

Jnalt/[sis  of  th  Nadelertz  of  Siberia ;  bt^  Mr.  JoBlH*- 

)(94cWrt2an      JL  HE  needle-ore  has  been  considered  in  Russia   as  au 

^^^Uis»»uih.  auriferous  ore  of  nickel.  In  the  work  of  Ileuss,  and  iu  the 
Epbemerides  of  baron  Moll,  it  is  classed  among  the  ores  of 
chrome :  but  the  analysis  of  Mr.  John,  given  in  Gehlen\ 
Journul,  shows,  that  it  is  an  ore  of  bismuth. 

The  following  are  its  external  characters  according  to 
Karsten, 

KtMtevma  1**  colour  is  steel  gray,  sometimes  a  pale  copper  red,  or 

thmct^rs.       covered  with  a  green  and  yellow  coatingt* 

*  Journal  des  Minn.  tol.  ixW,  p.  227. 

\  The  ycUovr  coating  is  so  (light.  Mi.  John  could  only  examine  it  \f 
tri|)iDg  it  off  with  cotton  moistened  with  nitiic  acid,  washing  the  cotton 
ia  water,  and  evaporating  the  water  and  excess  o£  acid  It  then  appeared 
to  him,  fr(>m  such  experiments  as  he  could  make,  to  be  oxide  of  uranium* 
lllie  gf  een  coating,  covering  both  the  crystals  and  the  quartz  gangue,  it 
thicker  and  nsore  abundant.  From  hts  analysis  it  coDsisted  of  carbonate 
^^pprr,  carbooate  of  Ind*  tod  bismuth. 

Colo^tw 


Colotir,  >p»liere  scraped,  scaixrely  deeper  than  tlial  of  the 
fresh  and  shining  ore^ 

It  is  disseminated,  and  crystallized  in  sixsidcd  elongated 
prisms,  accumulated  in  th^  form  of' needles.  These  or p- 
lals  are  sometimes  curved,  or  jointed,  always  imbedded^ 
and  frequently  crossitig  each  otlier. 
Ilieir  tarf]^ce  is  striated  longitudinally. 
They  have  seldom  any  perceptible  lustre  on  a'cCodnt'  <jf 
the  coatingk  When  this  is  wanting^  their  external  lustre  h 
but  little-     Interiorly  it  is  always  metallic. 

Their  fracture  lengthwise  is  foliated,  and  very  brilliants 
transverse,  uneven  and  brilliants 
Fragments)  unknown, 
Opake. 
Feels  smootti. 
Soft. 

fextrettiely heavy;  its  specific  gravity  being t5*lS5. 
It  is  found  in  the  mines  of  Pischmiu&koi  and  KlintzefskoU 
near  Ekaterinenbourg,  in  Siberia. 

Its  component  parts,  supposing  the  gold  and  quarts  to 
be  accidental  mixtures,  are 

Bismuth    43-20  CdWptotttftl 

Lead 24-32  «^"- 

Copper lt>'10 

Nickel  ?•  • *     1-58 

Tellurium?  •• »» 1*32 

Sulphur    * 11-58 

Loss  (oxigenized  sulphur  ?]    •  •  •  •     5*90 

100-00 
In  a  note  subjoihed  to  the  preceding  paper  Mr.  t^alrili  Jiatnrt  hai) 
observes,  that  when  he  was  at  those  mines  in  178C  the  needle-  considwwi  it 
ore  ha«l  just  been  discovered ;  and  as  its  nature  was  not  bUmnih  long 
known  to  the  miinagers  of  it,  they  made  a  secret  of  the  par^  H^» 
ticular  spot  where  it  was  found.     With  some  difHculty  hoW^ 
ever  he  obtuined  a  few  fragments  of  it  for  their  height  in 
j^ld.     From  such  trials  as  the  smullness  of  hiii  specimens 
admitted,  he   considered    it  as  a   sulphuret    of    bisttiuthi 
by   which   name  he  described  it  in    his   Natural   History 
of  Minerals,   published  in  January  1801,  and  reprinted  \n 

1803. 
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SCIENTIFIC  NEWS. 


MkUUeiex  HaspUaL 

j\^EDICAL  Lectures,  1810*-llt  by  Richard  Patrick 
Satterley*  M.  D.  Fellow  of  the  Royal  College  of  PbyticiaDs, 
Physician  to  this  HospitaU  and  to  the  Foandling  Hospital : 
md  Thomas  Young,  M.  D.  F.  R.  S.  Fellow  of  the  Royal 
College  of  Physicians, 

Dr*  Satterley*s  conrsa  of  Cfmieal  instruction  will  begia 
the  tirst  week  in  November :  the  attendance  on  the  patients 
will  bf  continued  daily,  and  lectures  will  be  given  once  a 
week,  or  oftener,  when  it  may  be  necessary,  at  1 1  o*clock« 
f/lu  Cartwright,  surgeon  to  the  Hospital,  will  undertake 
soch  occasional  demonstration  of  morbid  anatomy,  as  may 
bf  required  for  th*  illustration  of  the  respective  cases.  The 
pbjects  of  the  course  will  also  be  extended  to  such  remark- 
i|ble  peculiarities  in  the  diseases  of  chiidrent  as  may  occur 
in  the  FoundliHg  HospUaL  Tero^s  of  admission,  to  pupils 
of  the  Hospital,  five  guineas. 

Or«  Ypung  will  begin,  in  February,  a  course  of  lectures 
on  physiology i  and  on  the  most  important  parts  of  the  prac^ 
tice  of  physic  \  in  particular  the  nature  and  treatment  of 
febrile  diseases ;  he  will  deliver  them  on  Tuesdays  and  Fri- 
days, at  7  o^clock  in  the  evening.  Admission,  two  guineas: 
to  former  pupils,  one  guinea. 

Thosfs  who  are  desirous  of  attending  either  of  these 
courses,  are  requested  to  leave  their  names  with  the  apo- 
thecary at  the  Hospital,  from  whom  farther  particulars  oiuy 
b^  known. 


Populir  lse« 
turn  on  the 


The  annual  courses  of  popular  lectures  at  the  Surry  In- 
stitution, Blackfriars  Bridge,  commenced  on  the  15th  ult., 
and  will  be  continued  every  succeeding  Monday  and  Thurs- 
day evening,  at  7  o'clock,  during  the  season.  We  under- 
stand, that  the  following  gentlemen  have  been  engaged  for 
the  respective  departments,  viz. 

Zoology,  George  Shaw,  M.  D.,  F.  R,  S.— Music,  Mr, 
S.  Wesley.-— Zoouomy,  John  Mason  Good,  Esq.  —  The 

chemistry 


■CtBkTtflC   kiBWit 

I  tlwmislry  of  tlie  arts,  F.  A«um,   M.  R.  I.  A.— Natuml 
'    philoiofihy  and  Astruiiomony,  Mf>  Hardjet 
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Mr.  Siuger'*  leclore*  on  electi 

Scientific  laatitution,  3i  Princes! 
In  these  lectures  a  complete  exp 


si  and  eleclnxHemical  Urtun*  «ft 
e  ensuing  season,  at  the  "i«'*ie»"  »"4 
■eet,  Cu»euiliali  Square,  ^istiea,*. 
uT  the  subject  mit 


be  givpn,  and  the  illuitration  will  be  Bnisttxl  by  sOme  new 
Snd  interesting  eiperimenU.  A  prospectus  of  the  plun  of 
(ostructioD  may  be  had  at  the  Iii^tituliont  or  uf  Mr^  Cuth*' 
beriMn,  54,  I'oland  Stcvet. 


Mt,  Barlow,  of  the  Royal  Military  Academy,  lias  rraiy  iHtcsilgiiibH 
Itir  the  preu,  an  Elementary  Investigation  of  llie  Po*erB  *'^*'"'l«'*'*» 
and  Propertia  of  Numbers,  with  thtir  applicution  to  the  „,  n„ni^. 
indeterminate  and   diophuiitine  anulysi>i,  to  which   will  be 
subjoined  k  synopsis  of  all  the  most  curious  problems  ot 
tbia  kind,  telected  from  the  best  ancient  aod  modern  du* 
tbon. 


To  CorrespondmtJ. 
fhfl  paper  of  Mefirt.  Kerby  and  Merrick  in 
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ARTICLE  I. 

0it  the  Ehttric  Cobma.    fiy  J,  A.  De  Luc,  ^f^.  F,  H,S, 

PiUT  III. 

,   Voncemhg  tome  Meltotologtcal  PHewmena,  to  the   hetlar 

htoutedge  of  itttieh  it  may  lead  at  on  Aerial  Electroscope. 


Wh 


HEN,  in  our  researchet,  we  have  in  view  some  great  Necestitr  nt 
and  deierminetl  obiL'<n,  we  are  not  only  more  assiduou*  m  «"='""'l"^''- 

J  ■'  ,   .      ,  on  m  exwnln- 

tmr  enneaniurs  to  approach  i(,  but  more  ntteotire  not  to  be  iaf  phcnoai*- 

nii*ted  in  the  roSH,  «nd  less  disposed  to  be  sBtisfied  with  "■■ 
mere  surmises,  while  we  perceive  thiit  »<>nie  real  discovery 
may  be  obtained  by  more  circumspection.  I  sholl  therefore 
explain  tirnt,  why  every  new  electrit  phenomenon,  which  we 
encounter  in  the  course  of  nor  experiments,  must  be  atten- 
tively pUnued  and  enulj'sed  in  itiieir.  and  not  connected  with 
gr«luitou«  hypotheses;  for  feur  of  loaiof;  a  thread,  which 
tni^ht  lead  us  in  the  labyrinth  of  the  physical caiati  acting 
On  onr  globe,  amonff  which  the  i-lectTic  fiuid  holds  a  high 
»Bok  ;  «a  wiil  appear  by  the  fulloMiug  great  object  concern- 
ing thisyluif/i  On  which  naturul  philosophers  have  not  yet 
kufficiently  6Ke(l  their  dltenliDn,  though  it  is  explained 
jn  my  former  works. 

V#i.XXVlI.  No.ia*— Dec.  1810.  R  It 
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ON   THE   CLECtKIC  COltlUN* 


LItUtiiiiig- 


CoDducton. 


The  eleccrit 

fluid  notacei 
inuUiHl 


It  IB  coromoDly  BnppoMd,  that  the  tUctrie Jluii,  which, 
UDtler  the  form  of  liglinhtg,  darti  from  crrtsiu  cloMtU,  ex- 
isted previouUy  in  them,  ready  to  be  discharged,  at  a  pro- 
per diaUnce,  on  bodies  nhich  poasess  less  of  this  Jtuid, 
either  other  elouds  or  the  ground.  On  this  idea,  not  impro* 
bahle  at  firet  sight.  Dr.  FrankUn  foamled  his  invemion  of 
pointed  condiiriors  elevated  above  house*,  in  hopes  to  preserve 
the  Utter  from  being  struck  hj  thunder  bolts.  With  the 
above  supposition,  this  method  of  security  was  very  inge- 
nious; for,  if  the  ffarim  _/Iiii(/  were  »ctualltf  accumulated 
in  a  cloud,  ready  to  be  dischurged  on  the  first  part  of  the 
ground  sufficiently  elevated,  a  pointed  canduclor  might  di^ 
charge  thai  e/oud  wilTwmt  a  rpark,  as  it  does  the  prime  con- 
ductor of  an  electric  machine.  But  those  who  have  fre- 
quently travelled  on  hij^h  mountuina  hiiow  certainly,  that 
there  is  no  analogy  between  a  lliunder  cloud,  und  an  intw 
thundercloud,  f^^^^  j^^j^  „„  „i,ich  electric  fuid  has  been  accumulated. 

A  cloud  is  a  mere  thick /if,  and  thus  such  a  completely 
eondveling  medium,  that  the  most  powerful  dectric  ma* 
chine  worked  in  it  could  not,  for  an  instant,  accumulate 
'  the  electric  Jltiid  i>o  \ti  prime  conductor ;  it  would  he  con- 
stantly diifiised  through  that  moist  air,  and  lost  in  the  sui- 
rounding  bodies.  This  caniiot  he  doubted  ;  but  it  is  sup> 
posed,  ibat  cloudi,  being  surrounded  by  pure  air,  and  thm 
iNsulaled,  con  retain  the  eleclfiejluid  accuroutated  in  them 
by  whatever  cnuse.  In  this  lonsiats  the  illusion,  dissipated 
by  what  is  observed  on  mountains.  1  have  frequently  been 
in  valleys  of  the  Alps,  and  of  lower  ntounluine,  beset  with 
thunder  clouds  leaning  on  both  sides  against  uet  gronndt^ 
and  thus  in  so  complete  a  conf/wc/in^  connexiou  with  the 
mountains  themselves,  that  it  wns  im|K>ssible  any  accumu- 
lation of  f/fC'nV^utrf  could  remain  in  tlie  former;  beiidc 
which,  no  cause  of  such  an  accumulution  has  ever  been  ex* 
plained:  however  flashes  of  Ugklnin'i  were  emitted  from 
these  clouds,  with  greater  or  smaller  intervals,  followed  by 
thi  asi.,nishing  phenomenon  of  the  rolling  of  thunder ;  and 
to  suppose  this  to  be  the  repetition  of  one  ionnd,  by  echott 
from  cloud  to  c^utfd,  is  u  liction  similar  to  that  of  poets  oc 
ptinteri,  who  rcpreient  the  gods  as  sitting  on  these  togs. 

LightHing . 


™%J»(» 
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'kitAijf  nnd  ihimilet,  when  trauiiilercd  in  thWr  tm^Thun'''' 
nature,  and  with  all  thmr  asMctdi^il  urckinntauto-,  ilouj^h ''£'"'""< 
thw  (tur  the  miwt  Mfiking,  hsvp  reniHinrH  till  now  the  inciBt 
oWiire  of  the  atiiiMplitne  phpnoinf  iia  ;  and  at  ai  iTif  mme 
time  their  prorlnction  is  evidpntly  conurcied  *iih  all  the 
oaiites  BClmg  in  llie  Btiiiosph«re,  that  gr.at  labor.tlory  of 
nutiirc  an  our  j^ldbe,  brpiming  from  he  very  formitinn  of 
clouds^  ihia  obscurity  is  spread  o«cr  all  the  terrestrial  ph«no* 
■lenu.  It  is  cevtain,  by  what  I  hiive  above  explained,  that 
ua  initant  before  a  Raah  of  lightning  strikes  our  eyes,  no 
wcumulBtioi)  of  Wt^rrir  ^tt/eouM  have  existed  in  elmdi 
iMntiig  against  (nM  graiinda;  the  sudden  mam  Testation  of 
thin  enormon*  quuutity  of  eltctric Jta'id,  not  existing  before  [j,^  ^n, 
4u  tueh,  tniist  iheretbre  be  the canset^ueoee  of  some^Anfttfa/quenceofsonia  I 
•ixration,  deperidi,.-  on  «.me  i.e«  c»M»e.  which  either  ^^"'"' *"°" 
di^eugit^fv  it  from  some  r^mtmafioti,  or  generates  it  by 
some  eump»sHion;  and  bfing  thas  instantly  set  free,  it 
rti«hes  in  a  torreni,  before  il  cun  be  diffused  in  the  ctond 
and  thrang))  ihi*  in  the  ground.  B-side  this  immediate 
conseijiienee  of  the  eertain  fact,  that  the  (i««ntit>'  nf  etfehit 
ftmiii  thus  emitted  did  not,  the  initHnt  bsfore.  exist  as  di»- 
cn^a^ed  in  tfae  «ioud,  various  other  phenomena,  fiTtendin^ 
this  r^fftxH,  prove  tlie  cxistenee  of  tome  t^eat  fncrestife 
chemicnl  proet«ses,  maoifuted  piiincipally  by  the  Kuccessire 
(IrJmMfioar  foiminir  what  is  called  the  roNntg  of  l/mitder'. 
these  ore  andoobtedly  prndured  by  CDneomilant  dfrompont'' 
tiami  tind  rrn>mptsiliotis  of  still  itnknou  n  atntOR|>h<ric  fluids, 
Mwe  pra(liiriiit{  the  decocn position  of  the  mir  itself,  others 
prgj:c^iDg  from  tliis  firat  opemtioot  *■  »^^i  t>e  expiained 
herenftor- 

Thia  i«  one  of  tht  greatest  objert*.  that  rwjid  be  offered  to  ritcenHy  cf 
the  ultcntiott  of  natural  philosophe'S :    ter  it  most  strike  ■'"'""^■""'1 
tHetn,  that  no  sj'Mnin  on  the  nntupe  of  air  and  vatrr  can  pheiiumens, 
have  any  Mtlidity,  if  it  happt-us  to  h«  in  oppo)tltion  to  these 
Ift«n<<  etiects  produced,  under  our  inspection,  in  the   great 
Ivboratary  of  nainre:  sftd  ihonijhotir  observation  has  not 
jfct  extended  to  all  tlie  ntfflo^pheric  phenomenH  necessary  to 
be  embraced  for  the  diH.mery  of  their  Specific  causes,  yet 
if  is  snffivieQlly  advanced  In  iiiilienle,  orcording  to  srencral 
known    Uws,    Ihtae  d€comj:osilion»  and    rccotnptmUiimt  of  ^,  „^  ^^_ 
R  9  atmofpherie  "■■•• 
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Mitaatpharie  air,  as  being  a  fluid  sui  grnetit,  mA  not  ■  mls- 
tuTcortwo  aerijorm  Jluids  A'\Sv.Tin^m  ihrir  nature,  ti»  ha* 
been  concluded  {raai  »\ieii\OM  pli«noroeiia  produced  in  our 
expfrimentE ;  but  (hett  phenoruenR  I  have  explained  in  my 
works,  withont  supposing  sDch  a  mixture,  in  itself  coutrarj 
ber  or  atmo«phenc  pheoometia.  This  1  ,hall  here 
ely  tx|ilaini  thoti);h  not  with  so  many  particutara 
09  are  cuntained  m  my  works. 

RaiH  will  be  my  first  abject ;  and  indeed  it  ought  to  be  so 

in  every  general  system  of  chemistry,  since  no  phenomenon, 

cither  spon  tan  eon  ■  or  artificially  produced,  in  more  coimect«d 

with  the  maniretitHtion   of    aatrr  in  the  modifications  of 

expaniiblejtaidi ;  and  none  certainly  is  attended  with  greater 

conseqnencei  on  our  globe.     With  a  view  of  lupporting  tlie 

new  hypothesis  of  a  certain  compoiitii/n  of  waltr,  from  which 

and  its  anociate  hyiiothcsis  of  two  distinct  and   defined 

aeri/oTm  fluids  la  the  atmosphere,  rain,  so  common  a  pheo 

nomenon,  cannot   be  explained,  the  ancient  and  already 

Enpoiadon      expladed  hypothesis  of  Mr.  L«  Hoy,  of  ttaporalitai  being  a 

"nluiioDof    d'utolMtion  of  \eattr  by  air,  hac  been  reYi\ed.     This  hypo- 

murinaiti     thesis,  iheonly  apparent  resoureeof  the  modern  theory  of  che- 

miflry,  was  plausible  at  the  timeof  ilb  (irst  publication,  about 

60  years  ago,  when  meteorological  observations  were  very 

little  advanced ;  becauseitis  certain,  that  mopomfion  restorer, 

upon  the  whole,  to  the  otmosphere,  thesamequaolily  of  water 

ma  falls  from  it  in  rain,  Hnt>,  and  other  Hqueoui  meteors : 

j^  but  from   a  number  of  nell  determined  phenomena,  di»- 

■■rj'Jf  covered  by  the  progress  of  observation,  this  compensation  is 

not  immediate ;  that  wattr,  which  ascends  in  the  atmoBphere 

bniihewitec   by  ewporntion,  possea  through  an  intermediate  state;  under* 

tfctaQg*diaio  going  a  cA^nttco/ transmutation,  which  makes  it  disappear 

»"■  to  all  our  tests,  sometimes  for  many  months,  it  being  then 

transformed  into  an  aeri/tyrm  fluid;  and  it  must  be  by  inme 

inverse  operation,  thut,  all  at  once,  thvJs,  fain,  and  the 

other  concomitant  phenomena  are  produced.     I  shall  show 

hereafter  how  unfounded,  as  well  us  useless,  is  an  hypothe&il 

■manned  for  evading  the  consequences  of  these  phenomena, 

which   1   have  opposed  to  the  new  theory  ef  chemistry ;   but 

first,  I  must  proct-ed  farther  in  the  account  of  ibe  phe-  » 

tl.emseUei, 

The 
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Tlie  above  conscqaenres  may  be  deduced  from  the  most  Vcteon  b«t 
commoD  atmospheric  phenomena,  even  wheD  only   newed  noH„|j,in^''"' 
from  the  plain,  |>r<ivided  they  are  observed  in  all  their  con- 
Bcquence^;  but  it  ii  on  higli  mountains,  the  very  region  of 
mtleors,  that,  from  oihiT  circumstances  not  prrceptibU  in 
lower  situalioDH,  the  observer  is  induri^l    to   wi»h  for    more  f 

knowledge  in  the  a&touishing  operutions  performed  in  thit 
laborstory.  Such  has  been  the  case  "ith  Mr.  de  SauHiire 
and  myself,  on  account  of  our  frequpot  visits  to  the  monn- 
tains  of  our  native  con ntry,  for  the  geolo^ral  porauita  in 
KhicK  we  were  en^ged  at  the  same  time.  The  surprisiog 
phenomeoa  concerning  moiilare,  which  we  observed  in  theae 
high  regions  of  the  air,  led  us  teparutely  to  the  pursuit  and 
construction  of  our  respeclive  hygrometers;  in  order  to  [lygrometen. 
understand,  by  enperimcnts  and  observations  with  thia  in- 
strument, in  what  rcatly  conaiatsMOMfwrein  the  atmosphere; 
and  to  follow  certain  of  its  modifications,  as  its  sudden-iD- 
crease  and  diminution  without  perceptible  cause-  a  know- 
ledge which,  if  not  leading  to  immediate  discoveries  on  the 
Other  titmospheric  operations,  might  at  least  clear  the  way 
to  thtfse  discoveries  by  dispelling  and  preventing  errours. 

When  our  experiments  and  observations  were  first    pub- Ob<;*nritK>ns 

lished,  thev  attracted  much  tlie  attention  of  natural  philo- *',""»"" 

■^  mill  ilie  nip> 

■ophers;  but  by  degrees  they  have  been  for£;otteD,  from  the  pmed  camtw. 
increasing  prevalence  of  the  hypothesis  of  a  amtpotilion  of  "'''""' "»'*^ 
water,  to  which  they  were  opposed,  in  consequence  of  their 
connexion  with  the  most  common  meteorolouical  pbeuo- 
mena;  an  opposition  explained  even  before  this  hy|K>thesii 
was  M>  much  relied  upon  as  to  effect  a  change  in  the  whol« 
nomcDclature  and  language  of  chemistry. 

This  inattention,  for  a  time,  to  real  and  important  disco- 
reties,  an  effect  occn»ioned  by  prevailing  prejudices,  is  ob- 
served under  various  form*  in  the  History  of  Sciences;  bnt 
there  it  is  seen  also,  that  an  obstacle  of  this  natuie  COuM 
not  be  perpetuul,  and  it  may  be  expected,  that  it  will  not 
be  so  in  lhi»  case ;  therefore  1  shall  here  assemble  some  no- 
controverted  results  of  observation  and  experience,  for  th« 
consideration  of  natuml  philosophers. 

Article  I.  Evaporation,  the  original  source  of  almospitrie  Thtorj  of  eri. 
fkeifomena,  is  nut  a  dtisolation  of  water  by  4U-,  as  is  now  so  P"^'"""- 
commonly 


cotninotily  Msum«d  t  mir  bm  no  thare  in  it  The  immediate 
product  of  evaparaliim  in  all  iu  fatuf^eg,  fren  tiit^  forinvtian 
of  flrsm  by  boilhig  iwaltr,  donn  to  ihe  etntfKiraUon  of  ice  in 
winter,  is  cnnntflntly  Dn<l  uiiitbrmlf  an  etpavsiblc  JtviJ, 
tninpofcd  of  Kafrr  luid  Jire,  namely  the  aquetnu  tBpOmr. 
Tiiif  fluid,  ill  whatever  lemptrmlirr  «l  la  produi:t>(l,  acts  by 
prctsuri:t  iu  the  aame  maiimr  a%  ihe  amfom  Jiuidt,  and  io 
ptrUcular  oil  the  manopieter,  Imm  the  iustaiit  of  it»  produc* 
tieni  ^  toil);  <u  it  itiibuatb  ;  and  the  quantity  of  its  produc- 
tion, atteudcd  with  a  pt^portioiiAl  pretsure,  i*  the  tnme  in 
cocuo  as  in  tir,  at  its  ditlerent  inar>«iacorreapondent  to  each 
d^ree  vf  itf^peralvre :  a  direct  prnef  that  air  baa  not  the 
jmalkst  bbqre  in  fv^p-^ralion.  LabII}-,  as  long  as  thia  jluitj 
iub«isti  nithout  any  vhaoge  iu  its  nature,  it  never  Geae«»  to 
act  upoi)  the  Itggrtmetfr,  and  ita  quantity  is  exact);  mea- 
sured by  this  iostrunent,  with  the  addition  of  the  tktrtno- 
neitr.  l  haye  proved  t4i«ge  asaertions  by  the  union  ol  Mr. 
de  Sausture's  eiperimenti  Mid  mine,  to  seme  papers  pub- 
Hahed  in  the  Phil.  Trans,  of  1793.  It  n  evident,  that,  if 
theie  be  vealjaelf,  the  resource  of  the  new  theory  of  che- 
mistry for  explaioutgrtfiiiisovertnrTKd  (nbwi4l  beseenhere- 
anerj.and  with  it  the  theory  itBelf;  what  then  is  riiereaton, 
that  tlioee,  who  still  mmntain  it,  remain  silent  on  iheie/acff.f 
On  this  however  rests  (and  will  cootinne  to  rest  till  the  con- 
tnr-y  be  prored  by  direct  expeiimeiits)  the  whole  of  meteo- 
rokijiy. 
mini-  Art.  11.  Bnth  Mr.  de  Saussorc  and  myself  have  deter- 

nciiaque    Mjined,  by  direct  experiments  related  in  our  respective  Wdrks, 
fterf  ii?m|wn- **  '  shall  more  particularly  express  hereafter,  the  ^avtiliei 
■  fixed      o^  evaporated  Kattf  contained  iu  one  cubic  foot  of  air  cor- 
''  reapaiident  to  every  det;ree  of  Diir£yi[ronie/«i'f,  at  every  ttm- 

p-iature:  and  we  hare  proved.  lb»t  the  mozimtim  of  tbia 
water,  a  ifttmnlity  lixed  for  every  lemperahrre,  cannot  be  ex- 
cei'ried,  cither  by  the  increase  of  uater  in  the  same  apiice, 
or  b\  the  diminuiinn  of  heat  with  the  eunie  quanliiy  of  this 
water,  without  s-nne  of  the  aq«eout  rapiiur  beiutc  deeoin- 
posed,  and  Hwrer  maltiii)^  its  appearanci'hy  preripitatiim  i 
uud  by  my  experimentH  it  is  moreoi'er  deiiiO'islraled,  that 
no  leiifTth  of  liii.c,  atUr  the  produMion  ol  ihi-^^uiW,  eau  (ire- 
vmt  either  it»  eliect  on  the  hygromiUr,  or  lis  remaiuiitg 
suljMiltefi 


ma  Tue  iLimio  calcmk. 
•ubmittad  IB  tk*  usw  wauim  tn  the  iiiflueoce  of  lempffa- 


Art.  HI,  TlwcTKMuf  rdpour,  ).*.  thrimini^iUe  product  Aqueout  w- 
of  «,«;»«(»*.»  tfa»?f«--fore  Devw  cooetalwl  tu   ibt  •""'»*- P^pLlhieVr 
(thvrf  ;  and  \\Mqua<uilt/,'ia  any  part  of  the  Imter.  crni  ul*»]»  ihuii>e">- 
lie  dMrrminud  by  the  ob-erv»Uoii  of  the  liff/frometer  and  tiw  "■*"='■ 
t/iermomettr.     Thit  Jiuid,  pradnonl  by  (l>c  majHTdiiM  ihot 
ntver  ceases  on  tb«  Ptirloce  of  lh«  twaler  aud  of  the  laud,  Aicenih, 
being  of  a  iipenfic  gravity  Icbs  than  that  ot  air,  cMtstantljr 
ascends  in  (he  atiHonphme,  ^seiag  tbfougti  its  lower  regions,  ^",',''ji^"'^^'^ 
where  we  do  not  tind  that  it  rebtaiin ;  it  ought  ikererore  to 
accumulate  in   the   hight^  parts.      Now,  as   ne   ascend  on 
mountaiiiG,  the  hygrmnelfr  iiidicatifs  letis  and  Icm fnoporn fed 
wafer  in  the  tmtis^rent  oir.     I  shall  aooo  aiiiwar  the  hy* 
|>othesis,  Hirvadr  mentioned  OB   havtni;  be«n  iiaagined   for 
settiog  aside  the  contlusion  whieb  I  base  deduced  from  this 
pheaameiioii,  namely,  it  transmniation  of  llieofaeorM  vapour  *<.'  conienlori 
into  Bfmoir^Aeric  air ;  a  (^onclaaion  however  which  will  ba  "^    *"' 
found  the  nltioiate  result  of  this  aeries  of  facts. 

Art,  IV.  Another  phenomenon,  which  Mr.  de  Saussure 
and  myself  have  observed,  proves,  thai  dryitej;!  is  ftill  greater 
ID  the  region   of  the  atmosjihere   above  the  highest  rooun* 
lains,  where  it  wua  nataral  to  sup[iDse,  and  1  supposed  it  at 
first,  Ihst  the  aipietmt  tapovr  was  bccu mutating.     On  plains 
and  huihU  hilU,  moisture  is  increasing  in  the  nJr  aAer  sun- 
set; alid  before  we  possessed  nar  k^grvmetert,  «e  hud  reason 
to  suppose,  that  it  was  the  same  upon  hii;h   mounluins  for 
There  also  the  grata  becomes  icet.     This  being  the  first  com- 
mon symptom  of  moiitutt  observed  after  sunset,  and  even 
bcfoie,  was  one  of  the  arguments  in  favour  of  the  idea,  that 
detp  proceeds  from  the  ground;  hut  llie  hy^j-omeier,  thai  Dew 
neglected  inftrument,  has  shown  it  to  be  u  {iheTiomenon  b^ 
longing  to  the  physiology  of  plsnt*i,  nnd  not  to  nieleorology.  heloof,-!  lotft? 
Ot.  high  mountains,  while  the  grass  on  the  ground  becomes  i;Ii''„''"'"*>  "^ 
leti,  the  hjfgromeler  being  suspended  fit  some  height  above 
the  ground,  in  some  iusulnted  spot  where  the  air  is  free,  Aii  on  moun. 
abows  mi  increase  of  drffntus,  which   continnes  dnring  the '?""    J*'"" 
night.     1  have  determined  the  cause  of  thta  phenomenon  by 
unmediate  observations  ;  it  proceeds  from  the  CMidensation 
^  flf  the  columns  of  air,  while  Ute  heat  diminishes  in  them  ; 
whence 
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wkenCKmnltt,  thai  the  part  or  that  «r,  which,  dunng  1h« 
day,  rented  on  the  mmmiti  of  mountain*,  desrt-iiding  lower, 
isrollowi-d  bfihemr  whicb  was  higher  belpre ;  Rnd  this, 
«■  long  as  the  condensation  conlinue*  in  the  lower  piirtg, 
descending  from  higher  regions,  and  thus  paisiniir  over  the 
summiu  ill  its  way  dowawardit,  is  found,  in  an  incrcutiiig 
degree,  drirr  than  tliut  nhich  rested  oa  them  in  the  duy. 

Thforiw  of  j„  V.  Among  the  atmospheric  pheuoineua,  that  of  Jew, 

CDmnionly  considered  as  very  simple,  has  been  long,  and  it 
Still  now,  an 'ohjei^  of  controversy  among  nuturat  philoso- 
phers, who  have  not  attended  to  the  latest  experiments  and 
•bservBtionk  The  dr»t  and  most  plausible  ekplanaiioi) 
was,  that  the  dew  descended  from  the  air,  by  the  condensa- 
tion of  the  fra;H>rai«d  ttsfirr  spread  ia  it,  when  heal  dimi- 
Dishet:  but  Eome  experiuieutal  philosopher,  finding  that 
this  cause  was  not  nuffii  ieut  to  ex  plain  all  the  circumstance 
of  deic,  conceived  the  idea,  which  1  have  aboye  mentioned, 
-that  it  ascends  trom  the^rouad,  because  this  letains  longer 
the  Aeaf  of  the  day,  than  the  air  above  it;  which  circuuf- 
stanct;  was  conBid<;red  a«  increaiiog  evaporation  :  both  parties 
alleging  in  support  of  their  opinion  certain  facts,  which, 
though  not  denied,  vere  not  decisive.  During  the  mosf 
active  time  of  this  controversy,  about  fio  years  ago,  I  made 
^ith  my  brother  various  kind>  of  experiments  and  ohservu- 
tions,  which,  by  turns,  favoured  one  or  the  other  of  these 
hypotheses,  but  neither  of  them  decisively;  and  the  ques- 
tion would  have  remained  for  pve.r  in  suspense,  had  not  hy^ 
urology  and  ht/i^rometrf  been  pursued  with  tlie  dei^ree  of 
attention  and  labour,  that  Mr.  de  Saussnre  and  myself  have 
betitoned  upon  them ;  from  which  the  phenootenon  of  dew 
tja^  appeared  under  a  iietf  and  quite  ditferent  aspect,  which 
excludes  buih  the  above  causes  as  fuiiduniental  in  it,  and 
shows  why  neither  pf  them  could  explain  ita  most  esHniial 
cirium  stances, 

AEreftnentof      ^rl.  VI.  With  respect  to  the  experimenlal  part,  we  have 

ihe«x  .<ti-       jj^^ji  (Jeterinmed,  by  direct  and  unconcerted  evperiments, 

^pnU  w  Mr.      ,        rt-  I         I  -        t 

a^SHwiure      the  eitecl^  produced  on  our  r>'speclive  hi^qrometers,   plared 

tki'lv       "'      '"  "  """ssof  air,  wherein,  the  quanlily  of  enapuratrd  water 

'  remaining  the  same,  lh>Te  wab  no  change  but  in  ihedegrea 

Qf  km.     We  have  made  the  same  kind  of  experiment)!  op 

ditfereat 
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different  quantities  of  Ma;>[>raf(v/ u>nf«r  in  the  sume  JpO«,- 
•ad  combiiiin;;  ihriii,  we  have  formeil  tables  expressing  the 
<liAVr#i)t  I'firtvih  ol'  kftU  .in  moiflure,  corretpoodeiit  to  difle- 
t  quunlitiFS  «r  wapoi  iited  uaier  \u  the  same  (;iacei  aiid 
to  ihe  chuiges  «f  Aeaf  in  each  of  these  iiusntities ;  from 
vhich  lablfs,  after  having  obeerved  the  hygrometer  and  the 
thermomelff  in  any  part  of  the  atniosjilii-re,  the  quuntily  of 
tvaporated  water  contained  in  one  cubic  loot  of  ihal  air  \* 
dL'tcrmiiied.  Thes<r  eiiiitel)'  diittiiit.'l  experimeuts  have  proved 
the  constancy  of  the  luws  prpvailmg  in  these  eflecls,  by  (he 
utoiiishing  agreement  of  our  tables,  though  determined  by 
verf  ditrerenl  instruments  and  processes:  an  agreement 
which  I  have  shown  in  ihe  already  uneoiioued  papers  to  the 
Royal  Society. 

Jrt.  VII.  Thisdelermination  of  the  effect  produced  on 
mnitlitre,  i,  e.  on  tlie  indications  of  the  hffgromrter,  \jy  the 
changes  of  /leai,  iii  o  muss  of  air  whtrein  the  quuntity  of 
ti'oporatrA  water  rein;iined  ihe  same,  was  most  e^sentiul  ia 
meteorulot^y  ;  and  in  particular  it  »ui  indispensable  for  llie 
decision  of  the  t^iieslion,  whether  llie  production  of  deio 
Were  principally  nwin^  lo  the  roaUvg  of  the  ntinoSphere  ; 
which  appeared  the  mo'st  natural  explanation,  hut  on  which 
bowever  there  were  suffi'-ieiit  reasons  uf  doubt  to  produce 
the  obscurity  which  remained  on  lliis  phenomenon;  becaus* 
-  nothing  could  be  either  determined  or  proved,  concerning 
the  real  effect  of  ihe  diminution  ni'htat  on  enaporaled  water, 
without  such  experiments  as  ubove  defined  ;  and  !  couie 
now  to  their  immediate  applicutiun  to  the  phenomenon  of 
tteui;  in  cunseijueucc  uf  some  oliservutioiis  whivh  were  aUo 
■eparalely  made  by  Mr.de  Suussure  and  myself.  Towards 
miurl  and  in  the  be^nnii>i(  of  the  nij^t,  mointHre  increases  Ai 
e  air  much  more  rapidly  ;  and  atW  sunrise  and  in  the  >" 
first  part  of  the  day,  riryneM  increases  al-o  much  more  ra- th 
pidly — in  both  cases,  comparatively  with  the  rorres|>oiident  !"' 
ohnn«esof  heal—,  ihun  would  be  the  ciue,  did  tl>e  same 
quantity  of  etaporaled  water  remuin  in  ihe  air.  This  iit  a 
■wety  succinct  account  of  our  experiments  and  ob^erviitionB 
OOlicerntng  thisobject,  the  parliculHFBOf  which  maj  be  seen 
r  respi^tivp  works;  liut  it  is  Hufficienily  di»tii<rt  to  aU 
}div  me  here  to  concludei  that  llius   hus   been   |>uiiiled   nut 
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•Off  of  tii^  fp-oiteft  qocttiom  and.  object!  of  inviilSgitiOD^ 
codccrDtiig  ierretirUi  phjfties^  namelj :  what  is  tke  mkm  of 
the  dismf^mramee  in  the  ■tmoHphere  of  the  greatest  part  af 
the  «f  atfotw  aajMur  which  it  before  contatneci,  when  the  mm 
ateeiida  oa  the  horison ;  and  of  the  intrtase  of  its  quantity^ 
arhen  the  nm  w  stttiug;  while  the  werj  reTcrse  shoold  have 
been  expected  frutn  all  the  hitherto  fcaown  caatesf  ^t  I 
•hall  show  hereafter).    To  this  iuyesttgation  i  shall  uow  pro« 
oeed  at  far  as  koown  phenomena  will  lead  me. 
GMigesintht     Art.  Vlll.  I  shall  first  meatioo  a  rery  importaot  course 
S?«mo*^^  of  obsanrhtioDS  of  Mr.  de  Saussure  coDcemiog  the  chang>ea 
sphere Ab.       in  the  flfecrric  Jlal«  of  the  atmosphere.    He  had  erected  a 
'dal&iuMi^'*  '^'^  eoiiiliM*for»  in  a  favourable  situation,  on  the  brow  of  a 
hill  in  Geneva.     The  lower  part  f>f  this  conc/ifc/or  was  cook 
nected  with  nn  insulated  pair  of  pith  haib^  the  divergences 
of  t*hicb  indicated  the  differences  between  the  rfectrk  state 
of  the  upper  air,  and  that  in  which  the  halls  stoi>d  :  he  ob- 
served during  many  years  the  diurnal  variation*  of  this  d^ 
J^erence;  and  the  main  result  of  these  observations  is  the 
following.     In  common  weather,  i.  e.  when  no  particular 
cause  disturbs  the  course  of  the  usual  operations  going  on 
in  the  atmosphere  during  each  period  of  94  hours*  thequan* 
tity  of  electric  Jinid  increases  in  it  from  sunrise  till  some 
time  in  the  afternoon ;  as  is  seen  by  the  increase  of  a  posi^ 
the  divergence  of  the  balls.     The  new  electric  Jlttidf  the  for- 
mation of  which  is  tlius  indicated,  accumulates  in  the  air^ 
because  it  is  transmitted  but  slowly  to  its  lower  part  near 
the  ground.     But  afterward,  when  the  hygrometer  shows  a 
beginning  of  increase  of  moisture  iu  the  atmosphere,  the 
divergence  of  the  balls  begins  to  decrease ;  and  when  at  last 
c/efiy  is  forming;  th^  electric  equUibrvim  is  soon  established 
between  its  upper  aud  lower  parts,  the  whole  of  the  electric 
Thediininu.   Jluid  formed  in  the  day  passing  then  into  the  ground.    Now, 
ti^di  ^iT^'u  **  '®  during  the  first  of  these  periods,  rhat  dryness  increases 
Biosphere  con- in  the  atmosphere  much  more  than  would  happen  by  the 

nocted  with      game  increase  of  heat^  did  only  the  same  quantity  of  mauetms 
the  decrease  of  u  •  .  •     •.        u  r  ^  u-i  *i         \ 

aqueous  ti-     vapour  subsist  m  it  as  before  sunrise ;  while  on  the  contrary 

V^^r*  its  quantity  ou^bt  to  increase  by  a  greater  evaporation  being 

produced  on  the  ground,  which  dries  when  heated  by  the 

sun.     Hence  it  appears,  that  there  is  some  connexion  be* 

twean 
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tfecA  ttMiflcrfWtf  of  tlie  quantity  o^ -tintric  fiiiid  mid  tW 
^tmiQUtioB  of  Uwt  of  a<junfU  vapour  ia  the  wtmo»piiere( 
during  (his  period. 

Arl.  I'K.  Tbis  points  out,  in  the  tirtt  pbic«,  ».  Jbrmatioa  Thr  tlixtTia 
•fc/i-eiricyiBirf  in  (lie«littO»phere,  while  tile  «m'»  wy*  ^*'*  ^",'h  1*"°^ 

lA^lilt  ibe  iiicTMM  of  which  iu  lh«  Htmuipbere  ii^  stiicecf  tli« 
Jwre  the  immediate  chum-,  is  certainly  oge  of  th«  comjuMoa  '""' 

of  the  «leetriefiuid ;  theTefore,  t\n%Jiniil  muit  ht:  coin* 
^»d  io  sows  ojjetMtioii  of  nuture  on  oar  globe.  Now  it  i* 
here  already  ^irobable,  that  the  twta  rays,  in  pervBdinj;  th« 
•ItDotphere,  encounter  in  it  the  substances  nith  which  tbej 
compoae  the  new  quantity  of  e/eclrie Jluiii  then  tnanifefled  : 
•lid  that,  in  general,  they  enter  there  into  vurious  coiiibina- 
tiont,  is  proved  by  their  intensity  being  sensibly  greater  on  ThetnlirnTs 
the  top  of  hifrb  ntoao tains  than  in  the  lower  |jHrt»  of  the  at-  """'^  mi'-ine 
iBosphere,  as  hH*  lieen  tthown  from  experiincDts  by  Mr.  de 
EBUMure;  whir.'h  differertce  must  proceed  from  their  (juan- 
.4'7  being  dimintshed  in  pervading  the  air. 

jirl.  X.  Some  other  experiments  of  Mr.  do  Sansture  lead  Fsttlifr  in. 
snidea  directly  to  this  system  concerning  comj/oiiiiimii  and  -ff"'^?.'!!!,* 
.^tconrpoilrioni  nf  eleetrie  fiuiii,  as   produeinc  phenonienn,  comi'otltion 
iu*,e»  of  which  were  unknown  or  mtBtaken.     For  '"- "f^^"^"^ 
,  it  has  been  foand  by  CNperionce,  Ihiil,  when  water  it  electnc  lluU. 
ponred  npon  an  ineuUted  phite  of  hot  iron  connected  with 
B  electroscope,  thin  plate  become?  vegalive:  whence  it  had 
^een  concluded,  thiil,  when  watfr  ii  converted  intn  vapimr, 
Itaequirei  u  greater  capacity  fnr  ffectrie Jiuid ;  and  ihoa 
(deprives  of  a  certain  quantity   of  th;B  _^ntd   the  bndy   on 
vhich  it  evaporntcs.     But  Mr,  de  Sjiis«iirp,h«vinfj  repeated 
■^e  same  proce^-s  npon  different  heated  bodied,  found,  that 

■  tuxnp,  in  particnlar  nilver,  became  p'i»rriee  ;  whence  he  con- 
cluded very  naturally,  thnt  dnrin'^  the  evaporBtion  nf  water 
cp  hot  iron  some  electric  fluid  was  decompoted.  und  some  on 

■  the  contrary  eoinposcd  wheo  the  same  operalion  took  place 
lie  bHt  (ilso  surmised,  what   I   have   since   found 

^  direct  experiments  related  in  my  work  !drcs  stir  la  Mf- 
flurttt^te,  that  in  the  discharge  of  the  Letfden  vial,  unil  in 
jr  experiment*  of  the  magit  piclnre,  the  tpark  prndui-es 
mntionof  the  quflntitt  ol  electric  Jlvid  on  ihe»e 
■^fdiet;  whicb  eannut  be  but  bv  decempoailian.  It  urill  ^no 
«..i,el, 
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r  these  prerioiis  rvmbrks  oil  , 

■xperimeDte  nn  tlie  Rame  Hilijert 

[«  of  thU, 


CMaively  br  seen  in  nhat  n 

th^  rW-rir  flnid,  and  the 

rontameil  iti  nir  foriner  pii.  er  and  the  first  par 

connprlpd  with  meleoroloiiy. 

An.  XI.  I  I'avc  -.aid,  that,  as  we  oscend  mounlains,  the 

Av^run^rfr.  su»'p><»tvi'1y  i'slliiig,  >ndWte»- leaa  and   less  evtti 

■•floo  of       poraltd  lealer  in  ihc  »>.     We  tlius  htmrver  attain 

ctutidstnA        gioii,  in  which  cloudi  aaA  tarn  are  formed;  and   ther 

thai  ihe  lestODs  of  nature  ilself  may  ^uard  lis  against  the 
arbii'ary  tlictales  of  iinatfiniitioa:  I  shntl  therefore  relate 
what  1  have  obterved.  At  timA  when  the  atmosphere  is  s* 
clear,  )1ia  di^-lMut  obiecis  are  seen  very  dittinctlji,  and  that 
the  h}fi(romfler,  acrording  to  the  tables  that  Mr.  de  Sausa 
sure  auil  1  hiive  made  from  direct  uiid  Mjiarate  expenmeDls, 
does  not  ii)dii-ate  above  twu  or  thrive  p^rniiis  in  eaeh  cul 
romUonrof  foo'  of  that  air — mnall  cloadi  may  be  aeeo  forming  iu 
"""'^  parts  of  the  very  stiutum  of  the  ulmospht-re  in   whieh 

ttand,  with  very  liltle  or  iiu  wind.  Sometimes,  nithout  a 
change  in  the  tfmptTalun  or  Mot.KHre  of  the  iutermtdiaie 
parts,  these  embnoes  ot'  cloudt  dissipHle: 
tb«y  rapidly  increase,  unite  togrther  in  the  whole  stratum 
in  sijjht,  and  uunouiice  to  the  obserrer,  thai  soon  he  will  h% 
enveloped  bj  rhudt.  However,  till  il.e  clouds,  ei 
towards  him,  or  formiii{{  around  him,  o<;cupy  the  very  S|]Ot 
in  kvliieh  stand  ihe  hi/gromHeT  uud  ihe  tbermovtteT,  he  tib~^ 
Mfves  tio  sensible  change  in  thtm  :  but  the  instant  that  ^ 
(A>iii/ envelopes  him,  the /'lOfreiitfrftT  arrives  at  its  point  of - 
.  txireme  nioMiur«,  and  all  the  bodies  are  «tr, 
lata.  Art.  XU.  TheaeprelimLiiaiiesof  r#inorien  remain  8 

tiiur,  with  only  sonie  variations,  and  at  last  distipate  witiw. 
out  effect:  and  m  soon  as  the  ttuuds  disappear  in  one  (pot*, 
the  /lygrtimeler  indicates  the  same  drtfaeu,  as  if  no  ch»4  , 
had  l>een  there.  Hut  at  last ;  though  without  any  percvp> 
tible  ditfereuL-e  in  ilie  prelimiusrien,  because  some  other  tett 
of  the  state  of  the  air,  beside  those  we  possess,  in  vanling  S, 
the  clouds  increase  in  extent  and  ihickncas,  above  and  below 
the  place  of  observation,  and  rain  is  produced  in  inoTe  ot 
less  abundance.  If  rain  be  lasting,  and  at  the  same  timv  _ 
in  a  great  extent  of  couutry,  it  may  happen  e 
«Itk  «M.       V''» '"'  '^'"•''S  wme  regular  viind.     But  when  rMit  is  parliftl  | 
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%nA  in  tknwerf,  ludden,  und  xometinin  violent  leinJl  ac- 
company tlieae,  HtUing  frnin  the  expanaion  of  the  air,  bv  >tii 
decom|)o^ition  into  aqnevus  capour,  in  <ome  place,  while  a 
(Mmsm  is  produced  in  other  parts,  by  th«  resolution  af  that 
«s;Mnr  into  roiw.  Hence  it  is,  that  the  direction  rff  these 
vindi  is  rapiJly  rhangin^,  and  that  they  cease  with  (he  re- 
turn of  the  transparency  of  (he  air.  Lastly,  in  a  stratum. 
tfair,  which  perhaps  only  half  an  hour  before  waa  cn/m  and  stonnv 
transpareHl,  in  which  the  ht/gTonreler  did  not  indicaie  auy 
increnae  in  the  smell  quantity  of  evaporated  tcaler,  and  with- 
out any  indication  of  increase  of  the  quantity  of  eltctric 
JIuid,  ■onip  eloudt,  rapidly  forming,  produce  lightning, 
lliuitdtr,  hail,  torrents  of  rant,  and  Huch  violent  icindi,  aa 
_tear  up  trees  and  overturn  cottages  on  inouDlains. 

We  moy  be  for  ever  ignorant  of  tite  causes  of  these  won- 
derful phenomena,  but  those  who  are  aware  that  tirtion,  in 
the  operatioDS  of  nature,  may  lead  to  great  errours,  will  pre- 
fer ignorance  to  a  false  science.  As  for  me,  from  my  first 
oRservalions  of  thi::»e  operations  of  unconstrained  nMtnre, 
and  with  the  addition  of  a  remark  of  Mr.  deSaussure  wliicli 
I  shall  mention,  I  chan^d  very  essentially  my  former  ideas 
■n  the  atmospheric  phenomena,  as  I  have  explained  iu  my 
irorkt.and  shall  repeat  hereafter. 

^rt.  XIII.  lo  o'rdrr  to  evade  the  fireneral  consequence,  Fourcroy'ihf 
which,  in    my    works,    1    have  deduced  from  these  facts,  j|"''"'*?f*. 
Itamely,  thut  raim  and  the  other  concomitant  phenoiuenit  are  ^uci  lokfi. 
produced  by  dilferent  kinds  of  decompotilioiis  ol  the  almot' 
pliericair;  which  consequence  is  certainly  the  subversion 
•f  the  new  theory  of  chemistry;  Mr.  Foururoy  invented  the 
hypothesis  of  a  dry  solutioo   of  %eater   by   air;  iiippoaiuj;. 
that  tliit  water  conid  no  longer  aHect  the  lii/ifTOnitler,  which 
in  contequencf  he  discarded  from  the  rank  of  a  meleorolo- 
gital  inttnimtmt ;  and  having  oblaiued  the  nsseul  of  many 
ciletnist^  who  have  not  applied  to  meteorology   unr   more 
than  himself,  this  instrument,  so  much  wished  for  before  by 
natural  pliilosuphera,  i^  now  hardly  mentioned. 

But  ihis  hy|iothtrSis,  grafted  on  that  of  Le  Roy,  is  in  th«      '  • 

firtt  place  abaoluiely  grdfuifaiK^  uo  fact  having  been  ad-  ~ 

duced  in  bringing  it  forward  in  eliemistry  aguinit  4he  posi* 
live  facts  contained  in  Mr.  de  Saussurc'ii  woilis  aod  mine : 

ao'i 
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and  beaMrt  tl  is  of  ne  aviul,  siiicr  Mr.   Yourtnn  liims«l^l 
and  ttll  those  who  hiive  adotiird  it,  hitvtf  been  obliged  to 
•uppoM,  ttuu  ihi*  prelriickd  ioAiImm  of  thr  teale*  rvmaiita 
dependent  o«  tht*  itfjR/tcrnMre ;  vhiuh  lliey  are  oblii^  to 
do,  olheiwise  it  would  l>«  noUiin);  more  thun  my  sjAtem, 
viih  (he  BppcurBiK'e  of  refutJug  it.     For,  IT  the  eriorn«iM 
^uuivlily  of  water,  wbicK  ion)et.i(neB  falli  in  rai"  FroOi  a  VNy 
bmited  fitraliiin  of  air,  be  itot  submilted  to  precipitaiiu 
the  dimiuui  If  LI  ol'  Imal,  it  niiut  have  bn;n  changed  into  f 
,  permaneiu  or  atrijarm  Jinid i  uiid  m  tlie  atoiospker 
Nble  quikitlity  of  aii)  jSait/  of  thin  kind  eKists,  but  tlir  atni»M| 
4jiAmc  ai#-.      Bi-si'ii  s,  since  (or  this  reason  il  is  ^apposed  i 
tkat   hypotheHis,    that   the   napmnted   tmfrr   remaina   < 
peiiddnt  OR  Umptrahtfe,  very  little  kiiowWge  in  hy^ralof 
in  required  to  eonrlude,  that  it  cannot   ct-a4e  to  sBi-ct  the-S 
iyi^ftnneUT  in  prn|)ar(ioii  to  its  quautily.  iii  i«  evident  frotti 
Mr.  de  Siiussqri'H  expeiinients  and    mine.     I.,aitly,  ivitb  ■ 
retpect  to  liiH  Jinid  tlie  deeumpotition  of  which  produces 
nun,  its  nature  in  dearly  determined  by  the  rullowiit^  <.'iiw 
Siiotms rto net  cumaiance:  wheo  ne  remain  in  c  strutuai  ol'tHr  till  the  end 
sliwilie oatiirc  ^f  theeperalinns  by  which  a  delu^  of  rwH,  even  with  %ibM 
MTchemiial    wwy  and  (iwiirfw,  has  been  produced,  the  Mwrfuxm,  "" 

'^'-  ing  to  ull  tests,  is  the   same  air,  as  before.     Such 

objections  which  1  lmv>?  innd«  to  Mr.  Foiircroy  himself,  and 
which  he  haa  not  uaiuvered,  or  any  cliemiEt  fur  bii 
Deception  Art.  XIV.  These  f«rmiitions  and  moditiCBlion?  of  c/oNd*r 

Imm  iibwr-ri-  w|,(„  viewed  Only  over  head  from  the  plain,  have  niiltintlly 
inspired  the  idea,  that  by  some  caii<e  ihe  liberation  aB'4' 
condenialioii  of  rvapamted  teaier  ni^w  iind  then  take  plscv 
in  a  great  extent  of  the  iii>p«r  region  of  the  atmosplwre, 
which  tco/er  deicendi  and  nccumuliiles  in  theiitratum  of  Ml 
where  clvKjIs  form  and  produce  rain.  But  this  idea  pr** 
ceeds  from  a  want  of  previous  knowl'dsie  in  hydrology,  an^ 
of  observations  on  high  moniitsins  :  for  in  the  first  plac«^ 
ivhencerer,  cnii  Umn  whutever  cause  that  tjiianlity  of  waUX 
may  be  supposed  to  proceed  before  any  previpilalicm  cttA 
take  place,  even  in  the  tlr-t  state  of  vrwvtaT  n 
eonstitutes  cfovds.  it  must  b»  prireded  by  «(r< 
in  the  bhH  Iraiisparenl  air,  slnie  it  i«  only  ihe  exerss  of  ih^- 
mater,  ivhich  it  hist  precipitated  in  %  mitt ;  «iid  when  ihik 
pTwpitatim 
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pratqwmtKWi  ontea.  ertteme  moutur*  tibll  mbBisH  in  the 

■ir;  u*  Mr.  de  Suis«ure  and  inymlf  hvrn  fnund  in  all  our 

byi^mscopical  experiments.     Now,  1   have  said   ttbuire  froitt 

•iMtrruboas  on  hi^;h  tuoun'ains,  that  uii  in  tlirrp  dry  till  the 

Biomeiit  before  the  formation  of  eloadt,  und  that  aa  soon  •> 

tiw  tlomiit  are  diMLi|j«letI,  tlie  itf^omettr  indirat^a  the  same 

■ibytttiu  *•  before.     Thi»  evidentlj   ihows,  that  the  produo  C'""'''  *°j 

tioo  ofeftMiU  and  rain  bdve  theiriroiijf  in  the   rerj'  ttialum  timuontioaoT 

flf  air  where  thry  are  nian>ft«ted  ;  and  this  rmuc  cuiinol  be  '*"^  *"• 

•«)■  other  than  o  iltvomposiiiim  of  the  nir  itself. 

I.Mlly,  in  thew  eery  elouds,  which,  beiitg  theroiielvei  BTImrdertBi 
ntAattinf^  mass,  lean  behirie*  a|]uii»t  mountuias  it  hsppenti  '' 
•ometiuies  that  lighlning  ar.d  ihuhdrT  ure  produced;  and 
this,  as  I  have  *Hid  before,  without  rniy  previous  »ign  of  an 
%iicofnnion  (jnantity  of  ekctrir  Jtnid  in  tlleoi.  This  also 
^ints  out  tome  operation  Mltio^  place  in  these  tlmtda,  by 
•enw  tnodiliration  in  the  enow  nhtch  commonly  produce* 
tt  simple  rain.  The  elrclhr  fiuid,  tbos  suddenly  disen^gedi 
nin«t  hove  been  befurr  in  ■oMceh^eiical  combination  in  the 
■ir  il9flf,  which  preventetl  its  innnife''latton,  and  ii  tbeit 
destroyed.  Wbrn  *<■  are  abov*  the  (loads.  Me  (nay  we  (na 
H  bas  happened  to  tne)  /^frfniii^  dartinv  upwards,  as  it  is 
VOfnmonly  -eeii  darliiii;  downwanli  when  we  are  under  the 
ttoMdi ;  and  even  in  (hit  last  case,  we  may  jud;^  ihnt  light- 
ld*n  is  dartfd  upwurdit.  when  we  see  only  a  k'**"'  sudden 
light  in  donds,  without  any  Jlttsh,  followed  however  by 
thmndiT. 

,     The  abow  are  leading  laeti  in  the  mare  of  atniospherii:  Thwefcrts 
ftbenomena,  certainly  itidiciiliiitc  tlie  exirlence,  in  the  a^  hteuce  of  lub* 
moapherei  of  mblilr  0iiidi,  beside  those  which  have  hitherto  <'*<:  ^'*'A*  '"■ 
been  diwoTered.     Thia  is  the  j^eiierel  oLjccI,  which   1  •id  „\^^,g 
««"!!  <»  Moinioc. 

I  fehall  herv  be^fin  \ij  explaining  one  of  the  reaultfl  of  mjT  Innttiplion 
)on|f  luboura  in  ihe  pursuit  of  the  miasurf^tt  ot  hriif/ilf  by  "' l""'•'™- 
the /wrowrfer,  of  which  all  the   steps  are  described    m  tny  hcigb'.i  by  tlie 
work  Hufitrr/iri  nir  let  JHodiJieaUons  df  {' Almasfhirt,  JMib-  '""••'"«"<'■ 
liihed  in  17J^<    My  esperimeiiis  and  observations  were  lirtt 
directed  lonard  thew  two  points.     I .  To  obtain,  by  a  ^reat 
anmber  of  obiervalintis  at  different  meaitired  heightt,  on 
jMountaius  and  towers,  a  wfficitnt  PipressJBC  of  htigtl,  to 
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the  determined  /aw  of  the  derttilUi  of  ntr  correipmidetit  ts 
the  difference*  of  pretsure,  in  a  given  tfmperature  of  tlio 
air.  2.  An  e^vaiitiu  for  the  diHiprsnces  of  aittial  tempera* 
turet  with  thut  fixed  point.  By  dint  of  trials,  I  arrivcil  s< 
far  in  these  deteriui nation b,  that  the  method  of  measuria; 
Ihe  height  of  muuutaius  by  the  barometer  ha»  been  found 
preferable  to  geometrical  opi;rHtionB,  on  account  if  the  i 
pOMlbility  of  (letermiiiinga  Ian  in  thi^  lerretfrial rf/raclioiitl 
beside  the  difficulty  of  finding  proper  bases  tor  the  t'lan^les. 
Bat  though  the  ineHBurement  of  heij^hts  had  been  my  first 
riew  in  this.undertHkii)g,  other  modificHtions  of  the  atmoa- 
pbeie  becam«  booh  prrdominant  iu  my  pursuit,  ai  I  ahull 
BO*'  explain. 

In  order  lo  ascertuin  the  degm  of  exacliie^iB,  tihith  could 
be  oijlained  in  the  ditermi nation  ol  the  two  i>arti  of  the 
Jiirmula  above  defined,  1  had  meanured  ihe  heights  of  14 
poiiiia  above  one  another  on  iVIoDUt  Saliee,  near  Geneva; 
the  whole  height,  above  the  level  of  the  base  that  I  had 
t:hosen,  being  above  30<hi  feet ;  and  at  each  of  these  deter* 
mined  elevationi  I  had  made  a  grcHL  uuinber  of  observutiona 
of  the  barontler'm  different  tempcratuies,  both  in  the  same 
days  and  in  different  seaBOns.  1  hod  taken  all  possible  pr^ 
vButions  to  ascertain  the  height  of  each  of  these  points,  in 
verifying  the  Irigononietrical  operation  by  levelling  the  whoW. 
tDOuntain  in  passing  by  these  points,  in  order  that  the 
furmula  might  be  applicable  to  other  places  :  but  hud  tbAe 
been  some  inaccuracy  in  that  respect,  it  could  not  affect  the 
copffieienis  of  the  two  la«s,  as  applied  to  the  same  placet ; 
for  if  thete  laivs  had  been  sufficient,  the  Jurmuia  would 
have  asbigned  lo  them  the  same  height  by  every  observatioo. 
s  ip.  Now,  no  coefficirnt  to  iht-  diffemeea  of  height*  in  the 
■nc  ^onmeter,  niifiociBTed  with  any  equation  for  the  thfferenres  of, 
tia.  the  thermomeler,  could  bring  the  formula  lo  expresa  ibe 
same  differenee*  of  height  between  the  inmepoinls-  a  proof,' 
that  the  iico  cmdilim),  wiih  which  alone  the  /brmula  cor^ 
reiponds,  do  not  embrace  all  the  mvjei  of  vanatiun  in  the 
densitif  of  air.  Having  however  no  other  dala,  1  fixed 
thete  two  parte  of  the/urmti/j  iu  the  matin»r  the  moat  cor- 
respondent to  the  ohole  of  my  observut^oDs  amounting  to 
near  COO;  so  that  tha  lumi  of  onemo/iei  in /t/m  and  mhnu 
romparViTely 
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^oiparalively  ta  the  metuuied  Aci^Am  were  equal;  after 
(vliicli  ihe  eauiei  of  tbeie  anontaliet  become  the  abject  of 
iny  rescnrchrs. 

One  of  the  principal  means  by  which  t  had  considerably  Exp*nrionbf 
reduced    the  former  great  anomaUes  in  this  '<**"»'»'emenl,  ^l*',"""!!"!^ 
whii-h  had  appeared  unconquerable,    had  been  by  intro>  caunt  lot 
duciiig  Bu  (quati<m  for  the  differences  of  expansion  of  air     *"' 
produced  by  heat  in  the  ntmnsphcre.     Considering  therefore 
Ui>3  effect  of  heat,  which,  by  ita  increase,  diminishes  (b« 
prenuTt  of  columns  of  atr  of  a  deterniuied  height,  under 
the  sAme  pressure  of  superincumbent  air,  as  iniTicated  by 
the  height  of  the  barometer  at  the  upper  station ;  and  c*n- 
iiecting  thii  circum*lance  with  the  idea,  that  the  tause  of 
heat  is  an  expansihle  fiaid,  iuiiae\y/reejire,  which  occupiea 
tn  air  a  spare  without  any  sensible  addition  to  its  masi ;   I 
concluded,  that  some  nther^uM,  for  which  we  had  not  yet 
»  lest,  as  We  have  by  the  ikefmometer  for  the  former,  might 
be  the  cause  of  the  above  reniMining  oHomahts. 

This  general  coucUision  brought  into  my  mind  the  aqueous  xiie  preience 
iMpOKf.  of  which  I  knew  that  thejpwi/ScgrifBiljf  was  much  ufique^utti 
less  than   that  of  air  ;  and  snpposini;   at   that  time,   as  i*^"i'f."'^" 
commonly  thought,     that  its  accitmulnlion  in  the  atmo- 
Aphero  was  the  cause  of  rain,  I  couceived  that  the  difference 
«f  iu  quantity  in  different  times  must  be  very  great,  and 
that  this  mij^ht  be  the  cause,  or  at  least  one  of  the  causes  of 
the  anamaiies  I  had  in  view. 

The  Slime  con  s  id  em  ti  on  ltd  me  aUo  tp  a  system  c 
the  remarkable,  thnoj^h  not  constant,  correspondence  of  ihe  |J 
tariiitiottt  in  the  sedentary  barometer  with  rain  and  ^ne 
Keathcr  ;  as  the  snme^^ujd,  the  abundance  af  which  in  the 
ktnio«phrre  diminishes  its^rMurc  upon  the  barometer,  wuft 
Supposed  to  produce  rain.  Having  published  this  system  in 
the  above  mentioned  work,  it  obtained  much  approbation 
among  natural  philosophers,  because  no  satisfactory  expla- 
OMion  had  been  yet  given  uf  the  abore  connexion  of  phe> 
Iiomena  j  however  I  did  not  intend  to  give  it  a  full  assent, 
till  1  had  succeeded  in  the  constrnction  uf  a  true  ht/grometer ', 
judging  already,  that,  without  such  an  instruiueut,  nothing 
could  be  detcrniioed  with  any  cerlai'ity,  concerning  tba 
vodi  Beat  ions  of  evaporated  uruUr  iu  the  atmosphere.  This 
Vol.  XXVII.— Dec.  1810.  S  judgment 
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judgment  was  soon  confirmed  ;  for  Mr.  de  Sausiarey  mhm 

liad  made  a  quicker  progress  than  myself  in  hygrometrical 

experiments,  discovered  the  fallacy  of  the  abore  plausible 

system,  which  at  first  he  had  adopted  with  applause :  he 

demonstrated  by  direct  processes,  that,  though  the  aqueovt 

pourlnad^"    rapoMr  is  specifically  Hghier  than  airt  the  difference  between 

quatttoac-     its  greatest  and  smallest  quantity  in  the  atmosphere  at  any 

count  for  the   xXmt  is  so  little,  that  it  can  explain  but  a  very  inconsiderable 

variations  of  ^    ,  .     .  -     ,       ,  .    i     , 

the  barometer.  P^^rt  of  the  variations  of  the  barometer.     I  had   not  yet 

carried  my  own  experiments  so  far,  but  1  did  not  doubt  the 
main  result  of  his,  as  they  bore  all  the  characters  of  a  true 
inquiry,  and  1  abandoned  my  system,  as  applied  to  the 
aqueous  vapour. 
Probably  other      I^ut  the  general  conclusion  that  I  had  deduced  from  the 
imponderable   great  reduction  of  anomalies  in  the  measurement  of  heights 
aimoiiphere      ^X  the  barometer,  which  was  principally  owing  to  the  iutro* 
beside  free  are.  duction  of  an  equation  for  the  differences  of  the  quantity  of 
free  fire  in  the  air,  still  remained ;  namely,  that  some  ex- 
pansihle  fiuids  as  imponderable  as  the  former,  hitherto  un- 
known to  us,  might  also  account  for  that  remarkable  corres- 
pondence between  the  changes  of  the  weather 9   and   the 
variations,  of  the  barometer.     For,  the  same  fiuids ^  which, 
from  their  abundance  at  certain  times,  lessen  the  pressure 
of  the  atmospheric  columns  on  a  certain  extent  of  country, 
by  dilating  the  air  and  repelling  it  to  other  parts,  mny  also 
prepare  its  decomposition^  for  the  production  of  rain^  either 
alone,   or  accompanied  with  other  meteors;  and   at  other 
times  they  may  be  dissipated  without  producing  any  of  these 
etFects,  occasioning  only  the  fall  of  the  barometer. 
Meteorulogy         '^^^  above  series  of  facts  and  their  immediate   conse* 
intimately  con- qi^ences  present  the  greatest  assemblage  of  operations  of 
the  nature  of   physical  causes  on  our  globe;  and  a  general  consequence 

the  component  certainly  results  from  them,  namely*  that  all  these  opera- 
parts  of  tlie  at-  .  .    .         ,  111  ^    .  * 
mospherc.        tions  are  so  intimately  connected  with  the  nature  o\  aertform 

fiuids f  of  tracer,  light ^firCy.  and  electric  fiuid,  that  we  can- 
not detrrmiiie  any  thinj^^  with  the  smallest  degree  of  cer- 
tainty oil  the  nature  of  any  of  these  substances,  without 
embrnciii^  the  whole.  When  therefore  we  discover  some 
new  phenomenon  of  any  of  iheaefinidSf  at  what  distance 
soever  this  phenomenon  may  be  from  connecting  itself  with 

the 
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ibe  operatiops  which  we  observe  ill  the  «tmospbere»  it  is  not 
to  be  neglected ;  for  we  cannot  arrive  at  any  distant  object, 
but  by  successive  steps.  ' 

This  is  the  consideration,  that  has  induced  me  to  fix  my  Htnceatte^- 
attention  on  the  electric  phenomena  manifested  by  the  in*  to  the  aerial 
strumenty  which  I  have  described  under  the  name  of  amc/ tlectroicope, 
electroscope:    as   from  the  above  atmospheric  phenomena 
concerning  lightning  and  thunder^  which  cannot  leave  any 
doubt,  that  they  are  produced  by  a  certain  decomposition  of 
the  atmospheric  air ;  and  from  the  correspondent  circum- 
stance of  a  formation  of  new  electric  fluid  in  the  atmosphere, 
during  the  period  of  the  day,  when,  the  greatest  part  of  the 
aqueous  vapour  vanishing  in  it,  there  remains  scarcely  any 
ponderable  fluid  but  atmospheric  air;  it  is  manifest,  that  the 
electric  fluid  is  otie  of  the  substances  most  intimately  con- 
cerned in  the  chemical  piocesses,  which  take  place  in  the 
atmosphere,  and  on  the  nature  of  which  it  is  the  most  im- 
portant to  acquire  more  knowledge. 

It  may  be  seen  in  the  tables  of  my  observations  of  this  lu  movenient; 
new  iiibtriiment,  that  the  changes  in  the  frequency  of  ^^^"^a?"^^*^ 
strikings  of  the  little  pendulum  have  no  determined  con-  mbiiiurt. 
nexion  with  those  of  either  heat  or  moisture  in  the  room  ;  for 
though  heat  commonly  increases  in  the  course  of  each  day,  at 
the  i>nme  time  as  the  flrcguency  of  the  strikings,  nevertheless 
the  former  is  not  the  cause  of  the  latter;  since  with  the  same 
di'grees  of  heat  the  frequency  of  the  strikings  is  very  difie** 
rent  oa  dilferent  days.  With  respect  to  the  correspondence 
of  this  phenomenon  with  the  variations  of  the  barometer, 
my  ohservations  have  been  too  short  for  deciding  any  thing 
on  this  object,  though  I  felt  much  Vntexested  in  it ;  and 
be-sides,  the  barometer  had  but  small  variations  during  this 
short  time,  being  always  rather  high.'  Therefore,  this  is  a 
course  of  corres}»ondent  observations  which  remains  to  bti 
followed. 

The  observations  contained  in  the  la  it  tabic  create  a  new  Variations  to 
interest  in  this  pursuit,  as  they  may  bcconie  a  mean  of  dis-  "]®  '••^^^^^^•"^•'JT 
covering  the  changes  in  the  comparative  electric  stales  of  the  and  air. 
ground  and   tiie  air  near  it.     The  hlt\e  pendulum,  by  its 
silver  tcire,  being  placed  in  connection  with  the  zinc  side  in 
the^iC  exporiments,  was  therefore  pojf<//te;  and  in  this  case 
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(as  well  as  wben  it  is  connected  with  the  capper  side)  it 
must  rise  more  rapidly  towards  the  ball  189  in  proportioa 
as  the  electric  state  of  the  latter  differs  more  from  its  own* 
We  know  that  in  the  first  case  (that  of  my  obserTations)^ 
when  the  Ml  18  communicates  with  the  capper  extremity 
of  the  columns^  it  is  negative^  and  thus  differs  from  the  pen* 
duUm  as  negative  from  positive ;  the  standard  of  whichf 
according  to  the  important  determination  of  Sig.  Volta, 
Sometlnfls  the  is  the  actual  electric  state  of  the  ambient  air.  Now,  the 
grouod  con-     observations  contained  in  the  above  tabk  show,  that  the 

[ridty^n^A*9**^^y/^^  ^® ''^^^^  ^®  "®^  always  the  greatest,  when 
air  netr  ie.       the  ball  18  is  undoubtedly  tiegative  by  communicating  with 
the  copper  side  of  the  columns  ;  it  being  often  equal,  and 
sometimes  even  greater,  when  the  ball  communicates  with 
the  ground*    This  is  a  remarkable  phenomenon,  showing^ 
that  sometimes  the  ground  contains  less  electric  fluid  than 
the  air  near  it,  and  it  may  in  future  lead  to  some  important 
discovery  concerning  the  operations  going  on  at  the  surface 
of  the  ground  depending  on  the  atmosphere* 
This  path  but       ^  ^^^^  employed  much  time  and  labour,  to  arrive  at  the 
just  entered,    entrance  of  this  new  roud  in  the  investigation  of  terrestrial 
phenomena :  the  entrance^  I  say,  for  I  do  not  even  consider 
Thcinitru-  ,  it  as  completely  open.     With  respect  to  the  instrument 
^pm^.        itself,  1  may  jadge,  that  it  is  susceptible  of  farther  im- 
provements, t)Oth  in  the  composition  of  the  column^  and  in^ 
the  machinery  added  to  it :  for  in  such  a  complication  of 
new  physical  effects  aud  mechanical  dispositions  of  parts, 
it  is  not  to  be  expected,  that  every  thing  can  be  conceived  by 

Jlemirks  on     qj^  individual.  .  The  very  composition  of  the  column  might 
the  coiaoui.  ,  i      ■  »  1         1     • 

be  improved  with  regard  to  the  intensity  of  effect,  by  som« 

other  metallic  coating  than  that  of  copper  on  paper ^  which 
I  have  employed  on  account  only  of  its  being  ready  pre- 
pared by  using  Dutch  gilt  paper.  In  some  trials,  I  hav^ 
found  more  effect  in  using  paper  covered  #ith  real  gold^ 
and  with  silver ;  and  I  have  also  fbund  some  advantage  in 
doubling  the  Dutch  gilt  paper^  by  pasting  a  thin  paper 
over  its  own  paper.  Many  such  trials  may  be  made  with  a 
proper  condenser,,  before  whole  columns  are  com  [rased.  Ai 
for  the  arrangement  of  the  machinery  connected'  with  the 
ttflumn^  the  iostrmn^Dt  which  I  have  described  having  becc) 

auccuNively 
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micceFUTcIy   augmented  upon  iu  ori};inal  base,  I  iiupect 

that  it  is  too  much  crowded,  and  that  thus  iis  parts  may 

have  oD  tuch  other  an  influence  prfjudicia)  to  th«  rfFect^, 

which  I  have  remurked  in  other  casea, 

I  have  made  many  other  remarks  on  this  iaatrument,  but 

my  present  purpose  is  more  to  engage  other  experimenlal 

philosophers  in  thm  pursuit,  than  to  forward  it  myself;  for 

with  respect  to  these  obaerrationa,  I  consider  them  as  newly 

born.     It  will  first  require  some  time  for  the  underslandine '""'"'''=■"■ 
1  1        11  J   1     I  !•    1     ■  ■       .     oMofthoio- 

what  may  be  called  the  lun^iia^e  oi  the  iiiatruroent ;  ■•  e.  itSuiumcnttobe 

meaniog  bb  to  the  indication  of  the  eUctrie  Halt  of  the '"'*«^* 
ambient  air,  by  its  influence  on  the  motions  of  the  pn- 
dulam.      This  study  has  been   opened  too   late  for  me, 
thoujjh  I  was  engaged  in  it  by  ecu  si  derations  resulting  from 
long  iMtleonJogieaJ  observation 9,  which,  as  they  are  of  the 
greatest  importance  to  natural    philosophy,    must  be  the 
iueitemeat  to  this  pursuit.     Wishing  therefore,  that  such 
observations  may  become  a  more  general  object  of  atten- 
tion  alfbtig   natural  philosophers,  I  have  here  eiidertoured 
to  show,   by  An  ubstraet  view   of  their  present  results,  whut 
kuowledge,  in  following  them,  may  be  still  obtained  con* 
ceruing  the  atmospheric  operations.     It  is  true,  that  obser* 
vations  of  this  kind  re([t)ire  the  neighbourhood  of  moun- jjjgj,  partiiJ 
tains  (unless  tliose  who  ascend    in  balloons  should  carry '•'s  *"»*• 
proper  meteorological  instruments,  and  apply  themselves  to  brwiniined. 
these  observutiout).     But  in  general  no  real  knowledge  of 
■  lieHd(ur«of  the  almosphere  can  be  obtained  without,  in 
»onie  nianoer,  ascending  iu  U;  and  it  is  no  less  certain, 
that  without  this  knowledge,  no  ehtmieal  theory  can  possess 
ui}'  certftinty. 

Systems  are  useful  for  promoting  science,  provided  they  Sjsicebi  n«- 
be  founded  on  all  the  knowledge  already  Hccjuired  respecting 
their  object;  but  even  thcu,  us  long  as  they  contain  kypo^ 
thtua,  they  must  he  only  considered  as  leading  to  new 
researches  on  determined  points.  With  this  »iew,  I  shall 
here  conclude  by  uu  abHtruct  of  a  meteorologicul  system 
which  I  have  fully  explained  in  my  former  works,  and  espe* 
«idly  in  that  under  the  title  of  Introduction  a  la  Pkyaque 
Untxtre  par  Ics  fluidei  trpamible». 

1.  During 
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Aqaeous  t^        I.  During  the.  time  that  the  sufCs  rays  pervade  the  atmiH 
pouruans-       sphere,  the  aqueous  vapour^  ascending  in  it  by  the  ewipora^ 
nuwpheric  air    tion  which  continually  takes  place  on   the  surface  of  the 
by  electricity,  earth,  is  transformed  into  atmospheric  air^  by  some  combif 
nation  of  this  vapour  with  the  eleciric Jluid^  which,  durinji^ 
the  same  tii^e,  is  formed  in  the .  atmosphere,     A  formation 
of  electric  Jlu}d  at  that  time  is  shown  Gy  Mr,  de  Saussure*t( 
observations  already  mentioned  ;  but  th^t  the  i^uautify  thus 
manifested  is  not  the  whole,  but  that  a  great  part  of  thi^ 
lievrjluid  if  employed  in  the  above  transformation,  is  provedt 
as  will  be  seen  hereafter,  by  the  production  of  lightning  and 
thunder^  which  cannot  have  any  other  source. 
Vector.  II.  Thus,  but  by  a  particular  operation,  is  formed  t(iat 

^ubtile^KiJ,  which  I  have  called  vector,  poysessing  many  of 
the  properties  of  Ii^ht,but  with  the  characteristic  differences  . 
which  1  have  determine.  This  fluid  pei&vades  instantly  all 
bodies,  is  constantly  present  in  the  t^tmosphere,  and  has 
probably  a  great  share  in  its  phenomena  ;  but*itam>lv  func- 
tion yet  determined  is,  to  unite  with  the  electric  matter  com-? 
posed  at  the  sam^  time;  and,  being  thus  the  cause  of  the 
expansibility  of  the  electric Jluid,  it  produces  all  the  pheno* 
mena  known  under  the  name  of  electric  injluences,  as  I  have 
explained. 
901^,  IIF.  In  clear  weather  dew  is  produced  at  sunset,  because 

that  formation  of  electric  jluid  then  ceasing  in  the  atmo^ 
sphere,  the  aqueous  vapour,  which  contiuues  lo  ascend  in  it, 
remains  unchanged,  and  its  quantity  increasing  too  much 
jn  the  air  comparatively  tu  the  decreasing  hcQt,  it  precipi- 
tates in  visible  particles  of  waters  when  heat  decreases 
M M»  ind  au-  ^^^^  rapidly  in  the  air  after  sunset,  the  vapour  is  seen  con^ 
tuinnalfog:;.      densed  as  a  mist  over  meadows  ;  and  at  last  in   autumn  it 

producesybg^.?. 
Clouds  and  ^Y'  The  return  of  a/wo.^/;Af  r/c  fliV  into  aqueous  vapour^ 

rain.  whence  result  clouds ^  and  aftcrwanl  rain,  is  produced  by 

some  subtile  Jluid  ascending  from  the  base  of  the  atmosphere, 
iheaffinities  of  which  with  the  ingredients  whereby  the  aque^. 
ous  vapour  has  been  transformed  into  atmospheric  air  de- 
compose the  latter.  Thus,  particles  of  aqueous  vapour  brfng 
substituted  for  particles  of  air  in  some  stratum  of  the  atmo- 
sphere, and  becoming  much  too  abundant  to  subbitt  in  the 

sai^e 
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9»mc  ^pare,  tbey(ii%tpTtripitaleiatlicvuicufit'ir\uc\\Toria 
ehHiit;  and  if  the  deeom/Jusition  of  the  air  tontiuucs  tome 
lime  in  llie  bstne  utrattim,  tlictic  vtitcvla  collapse  into  drops, 

\.  Thia  is  one  of  the  cavises  of  the  varialion  of  the  harit-  VarUtion  nf 
tnttcr,  not'Bs  a  prognostic,  bnt  an  a  eoiitcijuence.  The  attso-  'hebarouicwf. 
Jute  NioM  of  the  sti^oiipiit're  is  CDti»tanIly  chun^in^  by  the»e 
iDvcrse  operntiona.  When  lh«re  ia  a  long  duration  of^ne 
wealher  avit  a  greut  cxitnil  of  cuuiitry*  tlic  ubisolule  qiian- 
My  of  air  iiicrensee  id  ilii:  utinobphere,  by  the  aqaeous  va- 
pour wbi<^^h  abends  in  it  coDliunjng  to  be  tranafornied  into 
itirdiiiinK  theday  ;  ami  the  £aroniW«r  ubiends,  even  in  parts 
at  *ome  diaUiuce  whtrc  it  rains :  when  on  the  i.onlrary  there 
|>revHiU  orer  a  grfut  exii'nt  ol'  country  a  long  continuance 
oi  drcomposilioH  ot  air  into  rain,  the  mass  of  ihe  atmosphere 
decreases,  and  the  barometer  Calls,  even  in  adjacent  coun* 
tries  where  thert  ic  fine  leather.  It  is  not  therefore  to  be 
«xperied.  that  rain  and  Jine  teealher  should  be  positively 
connected  nith  certain  abiotale  height?  of  Ihe  haromtlfr; 
ilSfcniall  tuotioiis,  ulieo  it  is  more  or  less  hi^h,  huve  the 
surest  correspondence  nith  the  tiical  weather;  the  fall  iudi- 
csting  the  presence  ot'lhut  stiblile Jluid,  which  tenda  to  de- 
compose the  air,  and  the  a^eut,  tlie  cessatiou  of  thii  in- 
fluence. 

VI.  If,  during  the  (ff(Oin;>oii(ion  of  atmospheric  air,  the  Rala  ilanp. 
Jlitid  operaiini;  this  t-ftect  so  unites  vrith  the  ia^reilienta  of 
t\K  tletlric Jluid,  which  had  entert-d  into  the  composition 
of  thai  air,  as  to  form  a  new  eompoimd  in  which  the  tleclric 
fiuid  docs  not  posaess  its  chiiracleristic  properties,  ratn  oidy 
ia  produced,  with  little  or  no  eUctric  syinptoni;  and  this  ii 
the  most  common  case.  Hut  when,  from  ihe  nature  of  the 
aevtjitiidr  which  come  (o  be  spreud  in  that  stratum  of  the 
•tmosphere,  the  decompmiilion  of  atmospheric  air  is  such 
aa  to  permit  eleclrie  fluid  to  he  produced  by  the  precise  in- 
gTMlieBts  (i.  e.  neither  more  nor  leas)  necessary-  to  its  oha- 
racteiiitic  properties,  it  darls  suddenly  into  the  air  in  tig^l-  Lightning. 
Ming!  but  ihis  is  only  a  first  effect,  and  out  yet  //nwi(/*r,  a  Thunder, 
tnost  Hsloiiishing  pbenomenorj,  consisting  undoubtedly  in 
«ucce«sii'e  detonations,  such  as  the  report  of  cannons  iired  in 
a  rapid  ^uccesston  ;  and  the  former  detonations  must  huve 

with 
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with  the  latter  this  analogy  of  cause,  that  they  ^re€xphtkm9 
otwL^pBtHcuhLT  erpmuibie fluid f  prodaced  by  that  kind  of 
8udden  decontpomtion  of  aimotplkerie  aiVf  as  it  happens  l^y 
firing  gunpowder  iind  other  procesves. 
iM«  VIL  A  direct  proof  of  these  sudden  decamposiiitms  of 

some  substances  in  such  clouds^  and  simultaneous  coMposi- 
ihms  of  other  substances,  is  the  production  of  hail.  This 
efiect  shows,  that,  in  a  certain  combini^tion  of  circumstances, 
))uch  fi  quantity  o^  free  fire  enters  suddenly  into  some  coni- 
binatioHt  that  ihcfreezmg  point  is  much  surpassed  in  the 
upper  part  of  the  clouds :  hence  the  formation  of  grains  of 
Sleet.  sleef  so  coid,  that  in  falling  through  the  clouds^  their  size  \% 

increased  in  the  form  of  icicles ^  by  the  watery  vesiculse 
freezing  upon  them  ;  of  which  formation  the  hoil-stones  bear 
air  the  characters,  especially  by  having  in  the  centre  tha| 
opaque  grain  of  sleet* 
Other  pheno-       The  foregoing  are  the  mpst  conspicuous  of  the  operations 
bl«ln  rtw**tl*'  produced,  at  certain  times,  in  some  strata  of  the  atmosphere^ 
^o>phere.       but  tVot  all  those  which  an  attentive  observer  may  perceive  : 
they  are  here,  as  must  be  the  dase  in  the  first  steps  con* 
ceniing  all  invisible  processes  producing  visible  efi'ects,  exr 
plained  only  by  ^^ero/ analogies  with  known  causes  in  our 
chemical  processes  ;  and  if  we  cannot  yet  approach  nearer 
to  specific  causes,  it  is  because  we  are  stilj  very  backward 
in  the  knowledge  of  the  subtile  fiuids»  which,  at  different 
times,  come  to  mix  with  air  in  the  atmosphere.     We  cannot 
however  doubt,  that  to  nuch  fiuids  is  owing  the  multitude 
pf  phenomena  still  unexplained  intelligibly,  both  in  the 
atmosphere  itself,  apd  in  its  connexions  with  vegetation  and 
the  animal  economy,  when  we  consider  whot  progreRs  ha^ 
been  made  in  this  knowledge,  by  only  attending  to  the  chc" 
mical  affinities  of  ligfit  ^ndfire,  and  by  a  beginning  of  dis-i 
covery  on  those  of  electric  fiuidy  the  existence  of  which  on 
bodies  would  be  unknown  to  us,  were  it  not  for  the  motions 
produced  in  visible  bodies,  by  the  disturbance  of  its  e^tit- 
librium  :  this  is  one  pf  its  characteristic  properties,  and  pui 
test  of  the  degrees  of  its  intensity  in  different  cases ;  as  the 
thermometer  i^  for  free  fire,  and  vision  for  light. 
Tctti  of  the  These  first  steps  in  the  knowledge  of  causes,  which   are 

f^tualtuiipof  ihem^lf^%  imperceptible^  must  render  experimental  philo* 

sopher!^ 
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phi^N  more  and  more  nilcntive  to  all  the  circumttances,  |h;  airdain- 
fthat  may  le»d  to  the  discovery  of  new  tem  of  the  iietuoJ  *■'*- 
|«tute  of  the  air,  in  con»e<]ueiii:e  of  olWr  imjtalpaiile  jtuiiU 
mixed  with  it:iind  al»a  to  the  «fec(n*e  pheuouienu,  that 
■i»n»y  appear  in  ehemital  processes,  since  the  eleeiric  fluid  !i 
always  present  on  the  bodies  which  enter  into  ehemicai  com- 
"binotions,  aa  il  iit  present  nn  all  bodies  :  in  this  dilTuted  state, 
it  produces  no  known  ehemitnl  eflect;  but  all  the  pheno- 
mena before  pointed  out  nudoubtedly  prove,  that  its  eom- 
potitiatu  and  dsrotaposi/iens  huve  the  greatest  influence  ih 
the  terrestrial  phenomena. 

The  general  character  of  the  system  above  extracted  Troro  Sulxtanees 
■roy  works  already  published,  by  «U|.(>osing  a  niuItitmJe  of"'"  "nlwowfc 
«till  unknown  substances,  will  undoubtedly  encounter  tlie 
diMpprobation  of  those  philosopher*,  who  t:onsider  stmpli- 
etfy  as  the  characteriiitic  of  the  operations  of  nuture:  but  if 
thhi  word  hus  any  sense,  it  must  signify  enou^/t  and  tiotliing 
tor* ',  therefore,  the  lir»t  eondiiion  is  enough,  and  when,  in 
ertain  phenomena,  we  find  a  deficienuy  of  knotrn  iij^enls, 
he  chasm  is  not  to  be  filled  up  by  arbitrury  hypotheses, 
'hich  are  nolhi«g;  oHuloi^g  is  our  only  sine  guide  in  the 
iventigation  of  hidden  lauMt,  us  being  u  thread  utlered  to 
fis  by  nature  iise't'. 

This  is  one  of  the  precepts  of  the  falher  of  true  philoso-  D«ctiineW 
phy,  the  imuiortnl  Bacon,  wlio  taught  u*,  in   particular.  ^■'f°°- 

dread  the  multitade  of  stibslancej,   when  they  nre 

wanting  for  the  production  of  phenomena  accurutely  detined. 

Among  his  remark!  on  this  subject  is  the  following,  under 

the  deth  head  of  his  Silvit  SUvanim  ;  which  remark  1  have 

l|ie  more  admired,  (he  longer  1  hu' 

pf  our    globe.     "  Cognitio    humu 

>*  fuit  tpeeutalione  k  visui  ita  ut,  cjuiccjuid  o 

I*  sive  propter  teuuitatem  corporis,  nut  partes 

"  sublilitatem  motus,  parum  sit  cxplorntuai.     Use  tameii 

"  nuturam  maxime  reguht,  illisque  posibabitis,  vera  nna- 

I'  lysis  Institui  necjnit,  aut  indica  rinaturce  pruce>HuB.     Spi- 

f  riliu  aut  p«fumiaico    (expansible   Hnidsj  qoae  omnibus 

taagibilibas  lusunt,  vix  cognoscunlnr  .  . .  tipirilus  enini 

nihil  suut  prieier  forpora  natvralia,  prnportionaiiter  ro- 

t'faQta,  iniigibihbim  oorpurum  jiarli?  uiclusa  velul  tegti- 

"  Qieiiio : 


studied  the  phenomena 
.  determinuta  Imeteuus 
i  fugeret, 
t  exiles,  aut 
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•  mento  f  neqne  minas  inter  se  diffenint,  quam  densa  it 
tangibiles  partes,  omnibusque  tangibilibus  corporibus  in- 
sunt  plus  minusve,  h  pleriimque  iiiiDquaincc6sant.     Ab 
**  lii:»»   eorumque  motibus,  prapcipue  procedunt  arefactio» 
*^  colliquatioy   concoctio,  matnratio,  putrefactio,  Tivificatio» 
*•  k,  pnecipua  natnnc  efferta*." 
Occult  causes.      Not  to  admit  the  existence  of  such  substances,  because 
■they  escape  our  sight  or  touch,  would  be  returning  back  to 
occult  properties^  essential  quaiUieSi  which,  in  the  infancy 
of  natural  philosfopby  gratiGed  the  imagination  under  the 
shape  of  causes*     However,  these  conceptions  were  a  be- 
ginning of  knowledg^e,  as  under  that  form  were  gathered  a 
certain  number  of  important  phenomena^  successively  ob» 
served ;  but  of  these  the  agents  were  still  to  be  sought  for. 
Impondeniblo  However  it  has  been  only  at  the  birth  of  pneumatic  physics^ 
fubttuices,      ||(]j  when  its  pro<;ress  has  occasioned  the  investigation  of 
the  chemical  affiaities  of  light  and^r e,  that  many  mysteries 
in  nature  have  been  unfolded ;  and  what  a  field  of  new  re* 
searches  has  been  opened  by  the  attention  given  to  a  third 
imponderable  substance,  the  electric  Jiuid  !    Now,  Hiese  very 
great  steps  teach  us,  that  no  progress,  niarited  by  such  me- 
morable  epochs,  and  followed  by  so  many  important  con- 
sequences, can  be  expected  but  by  farther  discoveries  in 
stiti  to  be  di4>   the  same  class  of  substances,  some  of  which  may  happen  to 
coTcred>  manifest  themselves   also   by  characteristic   effects,  either 

known  but  mistaken,  or  yet  unnoticed^  and  in  these  cases 
thev  might  in  some  deojree  be  submitted  to  analysis,  bv  the 
changes  they  operate  in  certain  phenomena,  already  knownj^ 
but  not  sufficiently  determined. 

•  *•  Human  knowledge  lias  hitherto  been  guided  by  viewing  and  behold* 
h*g;  so  that  whatever  escapes  our  eyes,  either  from  the  smaliness  of  the 
body  itself,  the  tenuity  of  its  particles,  or  the  subtility  of  its  motions,  is 
but  little  explored.  By  these  however  nature  is  chiefly  governed;  and 
if  they  be  neglectcd«a  ju^t  analysis  cannot  be  made,  or  the  processes  of 
nature  disclosed.  The  expansible  fluids,  thit  exi.^t  in  all  tangible  sub- 
stances, are  scarcely  known.  Tliese  fluids  are  nothing  but  natural  bo- 
dies, proportionally  rarefied,  included  in  the  parts  of  tan«;iblc  substances 
as  in  a  case  :  nor  do  they  differ  less  from  each  other,  than  the  dense  and 
tangible  parts,  they  inhere  more  or  less  in  all  tangible  bodies,  and  for  the 
most  part  are  never  still.  To  these,  and  their  motions,  arc  owing  in 
particular  larcfaction,  dissolution,  concoction,  maturation,  putrefaction, 
YLTificatioiiy  and  tke  principal  cff^ccts  pf  nature.**    C. 
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It  is  uot  to  be  expected)  that»  by  groping  in  a  desultory  j^^  to  a  fur. 
manner  among  the  objects  of  nature,  any  main  road  of  in-  ther  know- 
vestigation  can  be  opened  for  the  discovery  of  new  cauift ;  ^J^    "** 
as  their  effects  are  so  much  intermixed  in  perceptible  pAe- 
nomena,  that  we  cannot  ascend  to  them  with  certainty  in  a 
retrograde  manner.  Many  more  discoveries  concerning  them 
may  be  expected  from'  researches  carried  on   by  connected 
steps  along  the  roads  a1rendj^oi>ened  in  the  maze  of  impon^ 
derable  substances,  the  greatest  agents  in  the  phenomena  of 
nature. 

The  modifications  of  the  sun^s  rays  to  produce  heatj  as  agreeably  t« 
followed  by  Mr,  de  Saussure  and  Dr.  Herschel,  and  I  may  7^^  beea' 
bay  by  myself;  as  well  as  the  iirst   observations  made  by  effected. 
Dr.  Priestley  on  the  chemical  effects  of  lights  hove  opened 
one  of  these  roads,  which  requires  to  be  pursued  in  all  its 
ra  mill  cat  ions.     Much  is  to  be  done  also  concerning  the  na- 
ture of^re,  i.  e.  the  cause  of  heat^  or  of  that  ejrjHinsion  of  The  causes  of 
bodies  of  which  the  thermometer  is  the  measure;  a  road    **^ 
vhich  has  been  much  obstructed  by  the  obscure  idea  of 
caiorict  introduced  in  the  modern  theory  of  chemistry,  at 
the  time  when  several  experimental  philosophers  were  en- 
gaged in  researches  concerning  the  natare,  modifications, 
an<l  combinations  of  the  expansible  fluid  long  known  uiKler 
the  name  o^  fire.     Much  more  remains  to  be  done  in  the  electricity, 
Mudy  of  the  electric  fluid ,  its  production  and  decomposition 
throughout  so   many   phenomena.      Lastly,  almost  every 
thing  remains  to  be  done  to  acquire  some   knowledge  of  a 
fluids  the  existence  of  which  is  manifested  by  some  charac-  and  magnel* 
teristic  effects,  but  which  is  itself  totally  unknown  ;  though  ""'• 
it  cannot  be  without  some,  and  it  may  be  a  great  influence 
in    terrestrial  phenomena :  I  mean  the  magnetic  fluids  on 
which  I  shall  say  here  only  a  few  words. 

Rein$r  now   informed,  that  the  motions  of  bodies  occa-  Maijnrt«m 

...        probably  C'W» 
sioned   by  amber  when  it  has  underj^one  yV-ic/ioii,  of  which  in*  to  a  iiec«il«- 

the  cause  was  unknown  to  the  ancients,  are  the  effects  of  a  '^^  fluid,  uhuth 
fluids  which  has   much  greater  functions  iu  nature  by  itb  feas.     -' 
compositions  and  decompositions;   when  we  come  to  con- 
sider the  analogous,  though  much  more  limited  effects  pro- 
duced by  steel  bars  which  have  ur.d'rir^Tone  proper  frictions^ 
^e  are  led  to  conclude,  not  only  that  these  particular  motions 

are 


§jB%  Olf  TBI  ILIGTBIC  COLVVll. 

^re  also  the  effects  of  «  partlcnUr  fluid,  hot  that  its  fane* 
tioDS  io  natare  are  not  confined  to  those  of  attracting  or 
repulsing  inm  according  to  circumstances^  and  producing 
10  a  movable  neetUe  the  property  of  keeping  more  or  lesa 
parallel  to  the  meridian  of  thep)ace»  with  a  determined 
end  pointing  towards  the  north :  though  the  latter,  bj  its 
use  in  navigation^  is  become  of  great  importance. 
Jtiphesoneiu  With  respect  to  this  astonishing  phenomenon*  Prof.  Van 
inKTswindni.  Swinden  of  Franeker  has  much  advanced  what  Bacon  calls 
the  Hhtory  in  every  class  of  phenomena,  by  an  indefotigable 
perseverance  in  observmg  the  variations  of  the  magnetic 
needle  compared  with  varions  circumstances.  This,  for 
every  phenomenon,  is  the  first  step  toward  the  discovery  of 
coiuej;  for  the  nature  of  those  that  may  be  devised  most 
answer  to  all  the  moditications  of  the  phenomena  carefully  ^ 
observed,  before  coutidence  can  be  granted  to  any  hyp^ 
thesis. 
Its  polarity  In  magnetism^  the  main   point  which  must  direct  the 

2^^^]^^  natural  philosopher  in  search  of  a  cause  is  the  same  which 
directs  the  navigator,  namely  the  direction  of  the  magnetit 
needle  \  for  this  must  belong  to  a  cause,  which  in  some 
manner  influences  the  whole  Earth,  This  consideration  baa 
suggested  to  Prof.  Prevost  of  Geneva  an  idea,  which, 
though  not  completed,  deserves  notice.  After  all  the  dis- 
coveries already  made  in  meteorology  ana  chemistry,  it 
Light  pfoba-  cannot  be  doubted,  that  light  hus>  in  various  ways,  a  great 
biy  concerned  gjjare  in  the  formation  of  many  atmoaplieric  Jlnids,  and  thus 
probably  of  the  magnetic :  but  there  roust  be  some  cause 
of  the  formation  of  a  greater  quantity  of  it  on  the  northern 
than  the  southern  hemisphere  of  the  Earth,  since  the 
magnetic  needle  has  a  tendency  to  turn  that  way.  1  shall 
not  enter  iuto  particulars  on  Mr.  PrcvoFt's  hypothesis,  and 
shall  only  mention  its  ground,  in  order  to  show,  that  this 
object  may  not  be  unattainable;  it  is  the  circumstance,  that 
the  sun  remains  about  8  days  longer  on  the  northern  side  of 
the  ecliptic,  than  on  the  southern. 
Sawsure**  With  respect  to  phenomena  which  msy  indicate  a  forma- 

mf^  tion  of  this^tttd,  Mr.  de  Saussure  has  invented  a  very  im-* 

portant  instrument,    which  he   has  called  magnetometer ; 
showing  variations  in  the  int^nsitv  of  0Utraction  of  a  magnet 

in 
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)n  diflcrent  parts  or  the  day,  and  nlso  in  difl«rent  da^i  and 
seamDR.  as  the  aerial  rtfclrotcojie  shows  variations  in  llie 
tteclrie  Hate  of  the  air  in  the  same  circumritanccs.  Tht^e 
two  kinds  of  varialioni,   tlierefure,  deserve  to  be  foltoned. 

Dparalivety  with  each  otiier,  and  in  their  connexion  with 

ler  atmospheric  phenomena,  as  these  observations  may 
forward  our  knowledge  res|ii!ctiiig  the  magnetir  fluid,  which 
probably,  as  well  as  the  eleclrie  fluid,  by  its  compoJifion, 
'Aeomposition,  and  eumbinalion  with  other  subetancet,  has 
•Q  influence  in  terrestrial  phenomena. 

The  loadstone  with  respect  to  magHetism,  and  the  tour-  Both  ri»jne> 
i»aliii  to  ekelrieity,  are  bodies  wliith  produce  iheae  p''™"*  JIj^i'^'iulj^, 
ta«ntt  from  their  own  nature  ;  but  there  is  a  method  in  our  ly  inherent  in 
power  to  produce  them  by  other  bodies,  namely  yHc/ion  :'"'?■ '^'*** 
therefore  very  important,  in  either  case,  to  discover  in  inoiliers  bf 
what  manner  ^ftion  acts  to  produce  these  effects.     We '^'''^""'■ 
liavi*  yet  no  hold  in  this  purauit  with  respect  to  tnagnelie 
phenomena,  but  some  light  may  be  reflected  upon  them 
ity  a  determination  of  the  manner  in  which /rtcfion  produces 
ritctric  phenomena.     I  have  studied  this  subject  with   much 
Ittentioii,  and  I  propose  lo  relate,  in  another  paper,  some 
►xperinipnts  of  this  kind,  leading  to  tlie  analysts  of  the 
c  machine,  and  demonstrating  the  errour  of  the  ide« 
•f  two  lirndt  of  etcctTkilies,  or  of  two  fluids  aclin-f  in  the 
e  phenomena. 

Athfittd,  near  Haidlon, 
litOctober,  ISIO. 


II. 

TA<^  rtnlu  of  fume  Experiments  on  tlie  sonorom  Properties 
qf  lie  GauM,  by  Mr.  V.  Iverbt  and  Mr.  Mkbbick,  jun., 
^  Cirrncester. 

To  Mr.  NICHOLSON. 
SIB, 

'ONSIDERING  the  fiicility  of  procuring  most  of  the  EiperimmM 
•B«,  it  is,  probably,  in  cousectuente  of  llie  difliculty  **f  ""ulp™""ies 
iplojing  ibem   for  the  pun  o-   .     hii  ^a   few  expeiimenta  of  tlw  (i»<!i. 


have  been  made  on  their  sonorons  properties.  We  bavo 
lately  been  occupied  in  making  a  few  experiqients  on  thi» 
aubjcct,  the  results  of  which  \  send,  in  as  concise  a  manner 
ub  possible,  for  insertion  in  your  celebrated  Journal,  if  you 
should  think  them  of  sufficient  value.  In  some  particulars 
they  are  very  incomplete.  We  were  prevented  from  deter» 
mining  the  intensity  of  the  sound  by  surrounding  noises, 
and  variable  winds;  but  we  purpose  repeating  and  ex- 
tending these  experiments,  at  a  more  favourable  opportu^ 
iiity. 
Apparatus  Our  apparatus  consists  of  a  small  pair  of  double  bellows, 

*^^  *  fixed  vertically  in  a  wooden  frame,  having  a  brass  screw 
underneath  it,  to  fit  into  the  plate  of  an  excellent,  single 
barrelled  uirpump.  A  thermometer  is  iixcd  against  one 
arm  of  the  wooden  frame,  and  a  small  i1  ute  pipe  of  an 
organ  (open  at  the  end)  against  the  other.  A  groove  i^ 
made  through  this  arm  to  convey  the  wind  from  the  bellows 
to  the  pipe.  See  the  dotted  line  PI.  VII,  fig.  1.  The  whole 
is  covered  by  n  glass  receiver,  13  inches  high,  and  7  iu  dia- 
meter; and  the  bellows  are  put  in  motion  by  turning 
backwards  and  forwards  a  bent  wire,  that  passes  through  a 
collar  of  leathers  at  the  top  of  the  receiver,  and  is  attached 
to  another  wire  projecting  from  one  end  of  a  lever  which 
lias  its  other  extremity  fastened  to  the  feeder  of  the  bellows* 
Fig.  2.  represents  the  pasteboard  lining  of  the  folds  of  the 
bellows. 
Modeof  mak.  After  80  strokes  of  the  piston,  the  pipe  was  inaudible  : 
iDgtheexperi-  after  200  strokes,  the  gas  was  transferred  into  the  receiver 
mentt.  from  a  bladder  in  the  usual  way;  and   the  bridge  of  the 

monochord  was  moved  till  the  sound  of  the  wire  was  per- 
ceived to  be  the  octave  below  that  of  the  pipe  :  then  half 
the  length  of  the  vibrating  part  of  the  wire,  in  thousandths 
of  the  whole  lenj^lh,  whs  set  down  in  the  fifth  column  of 
the  following  table.  In  the  experiments  r,  c/,  w,  p,  r, 
(column  1)  tiie  gas  was  transferred  in  four  nearly  equal  por- 
tions. The  n»onorhord  was  previously  tuned  by  a  c  tuning 
fork^to  Earl  Stanhope's  **  first  bass  c"*,  Professor  Chladni'a 

*  "  Prifjciplcfi  of  the  Scion :e  of  Toni".g,*'  1J?06. 

Ut 


prvft/rtles  of  ua^em .  .Vy  J 


•  • 


>  • 


.  • 


Sh>    •'■ 


i  i'ii-i--i-' 


•H  THE  MVOtOOS  nOPEKTIRS  or  dlMlSi 

ml  3ti    or  "  c  of  the  small  octave,"   id  the   Qerman 
notation  {. 

I  am.  Sir, 

)'our  obliged  humble  servant, 

ARNOLI>  MERRICK. 
Cirencetter,  October,  1810. 
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IIL 

Descripium  of  ihe  ApcpkjflRtei  Ichihyophthalmite  of  Dan^ 
dradm  and  Rtuss,  Fi$chq^gen$tein  of  Werner.  By  Mr* 
H  AU  Y  *. 

FlikV«fe         JL  HE  mineral,  which  is  the  subject  of  the  present  article* 

d««dasa^eo«  •PP^''^  to  have  been  anciently  known,  and  was  classed  as  a 

lite,  species  of  zeolite,  from  its  property  of  forming  a  jelly  with 

acids*     It  had  been  analysed  by  Rinman,  who  mentions  it 

by  the  name  of  zeolite  of  Hellesta,  in  Sweden.    The  results 

of  his  analysis^are  nearly  the  same  as  have  lately  been  ob* 

tained  by  my  celebrated  colleagues,  Fourcroy  and  Vau^ 

quel  in,  and  by  Mr.  Rose,  whom  Prussia  has  recently  lost^ 

to  the  great  regret  of  every  friend  of  science. 

•ri  feldtpar.        Mr.  Dandrada^s  description  of  this  stone  does  not  appear 

to  me  to  mark  it  by  characters  sufficiently  precise,  to  allow 

us  to  decide,  whether  it  should  occupy  a  separate  plac^  id 

thit  system,  or  be  classed  with  some  of  the  known  species* 

Mr.  Brochant,  after  having  quoted  the  principal  features  of 

this  description,  adds,  that  the  ichthyophthalmite  appears 

to  have  several  of  the  characters  of  feldspar :  and  the  name 

toaipedesof  given  it  by  Mr.  Dandrada  accords  with  this  analogy,  thci 

namo^wairfor'  name  being  equivalent  to  that  of  fish's  eye,  which  in  th« 

merlj  applied:  language  of  the  old  French  mineralogists  was  applied  to 

that  variety  of  feldspar,  which  I  call  pearly,  and  which  is 

the  moonstone  of  our  lapidaries. 

but  it  if  a  dis-      On  examining  some  specimens  brought  hither  about  three 

tinct  species,    y^^^  ^gQ  \^y  ]\|r,  Molir,  I  was  convinced,  that  the  ichthy.'* 

ophthalmite  is  clearly  distinguished  by  its  mineralogical 
'  characters,  not  only  from  feldspar,  but  from  all  other  known 
minerals.  I  shall  therefore  proceed  to  detail  these,  which 
are  already  given  for  the  most  part  in  the  work,  which  Mr« 
Lucas,  jun.,  had  drawn  up  from  my  public  lectures,  uader 
the  title  of  Tableau  mttkodique  des  Espkces  minerales. 
ItfcbaraetsfS.       Essential  character.     Divisible  into  a  rectangular  parall* 

*  Journal  des  Mines,  vol.  xxiii,  p.  QBb* 

clopipedon^ 
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iAapIpedon,  having  n  triple  teodeDcy  to  exfoliation,  b;  fire, 
%y  adds,  and  by  friction  ". 

Phj/sical  char.     Specific  gravity  i'A&i. 

Hardneii:  not  st^raichirig  g'us,  and  giVing  no  sparlct 
■with  "teel :  scratching  fluali;  of  lime  feebly,  and  carbooate 
of  lime  verv  evidently.  ■  If  a  frai^ment  be  rubbed  mdewige 
ton  a  liard  itubsiance,  us  if  to  polish  it,  it  splits  into  leaves. 

Rifraction,  simple. 

Elerlr'uilK.  caVily  excited  by  friction.    It  is  the  vitreoui. 

Lvttre.  The  surface  of  the  crystals  baa  a  mean  lustre 
between  elnsHv  and  pearly,  united  with  a  Irani  potency  in 
general  decided,  without  any  proper  colour. 

Fracture,  conchoidal,  moderately  shining. 

Geometriral  rharaeters.  Its  primitive  form,  PI.  Vll,fig.  3, 
w  n  quadrangular  ri>;lit  prism  with  reetangnlar  bases.  The 
divisions  purullel  to  H  are  very  clear,  and  easily  obtained. 
Those  answering  to  P  and  T  ure  not  very  evident  eitcept  in 
■  strong  light  t. 

Cheuiicat  eharaelert.  Exposed  to  the  flame  of  a  candle, 
ft  splits  iiilo  leaves.  Before  the  blowpipe  it  fu^es  with  dif- 
ficulty into  a  while  enamel.  Immersed  in  cold  nitric  acid 
it  divides  in  a  few  hours  into  trnnll  Tragments,  which  at 
length  become  a  while  flocculeul  patter.  Its  powder  fbrmi 
^^toit  a  kind  of  jelly,  limilar  to  that  produced  under  the 
^^Huoe  ci re um stances  by  the  meiotype,  or  zeolite. 


AnalgitM  of  the  api^ht/H'ne. 
tij  Itiuinaii,         Fourcrby  anil  Vanqiicliu, 
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T)ie  specimens  of  apophyUlte  I  liave  eYumiaed  ex)ii(>it 
few  crystuU'me  forms,  among  which  the  most  simple  tit  tUa^ 
•ecn  on  a  ^toape  in  the  lauaeutn  of  natural  hisloty. 
the  primitive  parallel opipeOoQ,  the  eight  solid  angles  of 
which  are  cut  off  by  triangular  facets,  o,  o,  o,  tig.  4.  The 
tingieof  iiid(l<^nce  between  o  and  M  is  110*  50'. 

Another  variety,  which  I  call  supercumpounded,  ia  that 
represented  fig.  5.  The  following  are  its  principal  itDgles 
of  incidence.  Between  M  and  T,  90":  M  and*  121*  57': 
M  and  r,  149°:  M  and  k,  US"  11':  M  and  n,  !35°3i': 
ManJo,  110°  50':  M  and /,  109°  3:':  M  and  i,  119' f. 
n,.  The  specimen,  from  which  i  determined  this  variety,  is 
I.  one  of  the  most  retuarkable,  that  hus  come  under  my 
notice,  aioee  1  began  to  iitudy  crystallography.  It  adhered 
in  a  single  point  only,  as  1  may  say,  to  its  (support,  from 
which  I  separated  it  by  a  slight  stroke.  It  followed  froi^ 
this  position,  that  the  crystal  has  it?  terroinatinns  on  evti;f 
side,  which  is  itself  not  very  common,  fiut  a  still  more 
OQCommon  circumstance  is  the  contrast  presented  by  all 
the  parts  similarly  Hittiate,  when  we  compare  them  nitb 
each  other.  lu  general,  when  a  crystal  deviates  from  sym- 
metry, it  is  only  by  the  absence  of  a  umall  number  «f 
facets,  among  thosi;  that  are  necessary  to  the  integrity  of  the 
whole  i  so  that  these  facets  appear  to  have  escaped  the  lat*^ 
tending  to  produce  them  nierely  by  accident,  and  th« 
ob*erver  has  little  trouble  to  restore  ihem  in  imagination. 
But  in  this  crystal,  which  in  represented  exactly  as  it  was 
formed  tig.  6*,  there  is  only  one  of  the  faces  situate  on  one 
,nde,  that  has  a  corresponding  face  opposite  to  it :  none  of  the 
'  '  other  faces  are  repeated  on  the  corresponding  parts ;  >UmI 
such  is  the  pro^re^  of  the  decrements,  that  several  of  the 
faces  which  are  single,  as  0,  n,  k.  Sec,  oub;ht  to  bboir 
themselves  in  eight  different  places,  to  leave  no  deticieDcy 
■  n  the  form  of  the  crystal.  It  required  time  and  study,  t<j 
supply  all  these  unexpressed  circumstances  of  the  crystaKi 
lization,  and  reduce  this  sort  of  aVetch,  conipoiied^f  ten 
farces  seemingly  withoat  any  connexion,  10  the  real  type  of , 
the  form,   which  exhibits  ^  wcU  arranged  assortmeut 


^ 


•  TIk  Tmh  T,  * 


,  t',  bt\<m%  lo  iha  bid  part  of  lbs  crydat. 


Btsnimiott  OF  MB  iftpnvhtm.  S7S 

brty-eiglit  foct^  It  will  be  easy  to  perceive  the  connexion 
t  this  type  iritli  the  crj-etal  thai  incladesonly  iu  elements, 
iron)  the  iileutity  of  the  letters  marking  the  corresponding 

HI  the  two  poly edrons,  fi».  5  and  6'. 
Amoiit;  the  various  fbrnis  of  integrant  particlet,  that  are  Integrant ^^ 
kectangleil  parQileloplpedoiia,   I  know  no  one,   that  does  not 
Siffer  perceptibly  from  that  of  the  apophyltjte  in  the  ratio 
tof  its  dimensions,  which  alone  is  sufhcitnt  to  show,  that 
tbis  mineral  substance  ought  to  be  cousidered  as  a  distinct 

R.    On  thi»  subjtct  1  thiuk  it  may  not  be  amiss,  to 
fepeat  what  I  have  said  c-Uewhere  :  it  is  not  simply  in  the  fJ!"Ji,\^,  ' 
lumber  nnd  pot^itions  of  the  natural  Junctures,  that  the  e<il>hing  ipfc 
geometrical  character  consists,  which  I  emplay  to  distil)-  *'"' 
guish  one  npeciea  from  another,  but  alio  in  the  comparative 

isions  of  the  t'oruts  of  the  particles.  Hence  arises  a 
■yit^m  of  crystal hzH linn,  wliich  accordb  only  with  the  sub- 
Eance  possessing  this  Ibrm,  unlesfc  it  be  a  limit  capable  of 
bebnging  to  several  luinenls,  as  the  cube.  Tegular  tetra- 

,&c. ;  in  whicb  rase  it  is  necessary  to  add  an  auxiliary 
physical  character  to  tliat  derived  from  the  forro  of  ihe  par- 

,  that  the  species  muy  b*  dutermined  uoe(|uivocal1v. 
The  anaiyseB  I  have  meiiiioned  tend  equally  to  establish  an 
eii«ntial'distinrtiuti  between  the  apophylltle  and  all  other 
ninerals,  and  thus  ihe  ilsuIIs  of  cheaiistr)-  and  mineralogy 
with  respect  to  this  sub«lance  fully  satiify  the  two  condi- 

cnunciRted  in  my  detiDition  of  a  species,  considering: 
this  as  an  iiisemblugc  of  natural  bodies,  the  intef^rimt  par- 
ticles of  whicli  are  similar  in  form,  and  composed  of  the 
nirie  principles  united  in  the  same  proportions,  "  Mlne- 
tslogy  will  have  attained  perfettion,  when  we  find  through- 

liat  conformity  between  the  operations  of  (no  sciences, 
which  should  contiiiUHlly  HKsisi  <ni.'h  other;  and  the  agree' 
'dientof  which,  as  ihey  invesiigate  riuiitre  by  very rtifferett 
paths,  must  doubly  coiitirm  the  truths  they  ditclose." 

If,  6  ri^pTeiiinu  tlic  ten  Tiers  i>f  the  elementaty  crfsUl :  fig.  5 
oiilf  [lie  twenty  fuur  facei  of  Ihe  comiileli!  cr}9<a1,  lUvpoinl  la 
m  in  front;  but  it  »  Buy  u>  conceii«  in  iniifutBltMi  ilt*  ether 
tarauty  lour,  •liklisreontlie  backptn. 

T« 


g7(7         tBbobt  or  thb  motidv  or  locKin. 

IV. 

On  the  Motion  of  RotkeU  toth  in  Nonremting  9nd  Resiitimg 
Modiumu  By  W.  Moo  be,  Esq. ;  eommmmic^eJLbif  the 
Author^ 

To  Mr.  NICHOLSON. 
SIR, 

OHOULD  the  following  Essay  on  the  Motion  kc.  of 
Rockets  be  considered  sufficiently  intererting  for  your 
valuable  and  well  conducted  Journal,  you  are  at  liberty  to 
make  ase  of  it* 

I  am,  Sir, 

Yours  very  respectfully, 

W.  MOORE. 

Roffol  MiUtary  Academy^  Wooimichf 

Novembers,  1810* 


The  theory  of     '^^^  theory  of  rockets  is  a  subject,  which  has  never  yet 

rockets  not      engaged  the  attention  of  mathematicians;  a  .circumstance 

■Mtbenati.  ^  ^Uch  perhaps  is  partly  to  be  ascribed  to  their  not  having 

<iian<*  been  used  until  very  recently  as  implements  of  warfare. 

The  practice  however  of  throwing  them  iuto  besieged  places, 

to  cause  their  surrender,  is  now  nearly  universal  among  the 

English,  and  indeed  is  almost  confined  to  them. 

Their  miliiary      '^^^  invention  of  the  military  rockets*  (as  they  are  now 

«^c-  called)  as  it  regards  the  exemption  of  our  troops  from  the 

enemy's  power  of  annoyance,  is  to  be  esteemed  as  valuable* 

By  the  help  of  these  machines  the  capital  of  Denmark  and 

the  well  fortified  town  of  Flushing,  together  with  much  of 

the  French  qavy  have  within  a  few  years  been  taken  and 

destroyed  with  scarcely  the  loss  of  a  single  man  :  on  which 

account,  it  is  a  matter  of  no  small  moment  to  bring  the 

rules  for  discharging  them  and  the  methods  of  estimating 

their  effects  under  various  circumstances  into  one  general 

*  The  invention  of  the  xnilitaTv  rocket  is  eXclufively  due  to  William 
('on^reve,  Esq.;  a  f entlemaa  weli  koown and  cf (tcraed  by  the  public 
f«r  hit   iiig'.-n«ity« 

and 
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and  complete  sjitein ;  especitiUy  as  their  u«e  is  likely  to 
e  grvater,  snd  the  improTemeats  in  making  them  ex* 

ndccl. 

The  manner  id  whii'h  the  military  rocket  is  projected  is  Mrvleorthrir 
from  a  case  or  long  hollow  barrel,  fixed  strongly  to  a  Trame  P'<'J*«^"'' 
or  carria^  like  Ihe  several  piecfa  of  canoofi:  the  rocket  being 
first  screwed  to  a  lath  or  rod  of  Tome  inflexible  subitunce, 
to  prevent  any  irregularity  or  perturbation  of  motion  in  it 
during  its  flight:  and  the  elevation  of  the  machine,  from 
«hich  it  is  thrown  in  any  required  case  of  devastation, 
lieloDgs,  like  that  of  nrtillery,    to  an  experienced   practi- 

It  is  a  matter  of  no  consideration  to  the  rocket  engiaeer,  Mcunre  of, 
to  know  *e   proportion  of  the  serewl  ingredients,  with '^','"•"8"*"^ 
vhich  the  rocket  matter  is  made,  provided  the  measure  offition. 
the  ilrenglh  of  the  composition  be  given.     Such  important 
tlalum  io  this  very  interesting  theory  1  have   not  at  prfSent 
been  able,  for  want  of  experiments,  to  ascertain;  but  it  is 
presumed,  that  the  force  of  the  fluid  generated  from  firing 
lOt  differ  very  much  from  that  from  fired  gunpowder, 
is  about  1000  times  as  great,  (according  to  Kobins.)  as 
tJie  pressure  of  the  atmosphere;  and  until   I  am  able  to 
convince  myself  otheiwise,  ]  shall  adopt  this  as  the  measure 
nf  the  strength  of  the  rocket  composition. 

Before  entering  upon  the  several  computations  respecting 
the  motion  of  rockets ;  it  will  not  perhaps  be  wholly  uogra- 
tifying  to  readers  in  general,  to  exhibit  two  or  three  of 
ihcse  machines,  and  give  some  little  description  of  them. 

ACDB  (Plate  Vlll.fig.  3.)  la  the  case  of  the  rocket  ofxhe.wk** 
cylindrical  ligure  and  made  of  sheet  iron;  a  the  place deKiibrC 
wherc  the  rocket  is  tired  at  the  base  of  it  A  B  ;  and  C  G  D 
U  the  head  of  the  rocket  in  the  form  of  a  right  cone,  and  filled 
nith  Inflammable  matter,  that  consumes  much  inore^lowly 
that  with  which  the  case  or  body  is  filled.  This  head 
19  made  also  of  sheet  iron,  and  is  quite  solid  near  the  apes  G, 
ia  order  that  it  may  the  better  enter  any  object  of  pene- 
trable substance,  as  ships  of  war,  and  allbailding»>  compared 
of  combustible  and  yielding  materials.  The  white  sj)Ots  in 
the  head  denote  holes,  through  which  tlie  tire  and  ilamc 
rtt*h  and  fire  the  building  into  which  the  rocket  pcnetr.He*. 

The 


The  heM  is  about  nine  inches  in  length ;  the  length  of  the 
case  A  C  being  about  2}  feet. 

When  the  bead  of  the  rocket  it  not  usedt  SB  in  the  case 
of  firing  it  am^ug  troops  ;  then  the  machine  is  aimply  in 
the  form  of  that  represent^  by  Fig.  4 ;  having  about  f  of 
a  foot  of  its  length  from  C  to  E  filled  with  grape  and 
canister  shot ;  at  the  extremity  of  which,  iu  a  quantity  of 
gunpowder  B  Fn  a  to  give  them  an  additional  impetus  after 
the  consuming  of  the  wild  fire  ;  and  by  this  means  causing 
them  to  kill  an4  terrify  the  enemy  at  a  very  great  distance. 
iDvesirgation        This  description  of  the  military  rocket  being  all  that  is 
*A  their  effects  neceuiTy  to  my  farther  inquiries,  I  shall  decline  saying  any 
thing  rnore  about  i^  in  this  place^  and  proceed  immediately 
to-tfie  investigation  of  their  several  effects;  the  nature  aud 
times  of  their  motions ;  the  angles  at  which  they  ought  to 
be  thrown^  to  fall  upon  an  object  at  a  given  distance;  an4 
4yhat  ranges  are  within  their  sphere  of  devastation,  &c.    For 
all  these  are  very  important  matters  for  military  engiueenf 
.     and  artillerists  to  know ;  to  whom  the  management  of  theni 
iinporUBce,     belongs,  and  whose  object  it  therefore  should  be  to  prose- 
cute such  inquiries,  and  to  render  themselves  masters  of 
every  particular,  which  th^  theory  ai^  vyell  as  the  practice  of 
throwing  rockets  embraces. 

Ltws  of  Uieir     On  the  Motion  S^c,  of  Rockets  in  a  Nonresi^ting  Medium* 

motion  in  a  '  D  T 

non  resisting  Ir  ROB»  i« 

The  strength  or  first  force  of  the  gas  from  the  inflame^ 
composition  of  a  military  rocket  being  given',  as  also  the 
weight  of  the  quantity  of  composition  the  rocket  contains^ 
togetlier  with  the  time  of  its  burning,  and  the  weight  and 
dimensions  of  the  rocket ;  to  find  the  height  it  will  ascend  \f 
projected  perpendicularly  f  and  also  the  velocity  acquired  at 
the  end  of  that  time;  the  lamina  of  the  composition  being 
supposed  to  fire  uniformly  ^  and  to  burn  parallel  to  therockefs 

base. 

Puttie  z=  weight  of  the  case  of  the  rocket  and  head 

r  z:  weight  of  the  whole  quantity  of  matter  with      _  -^ 

which  it  is  filled 
a  zz  time  in  which  the  same  is  consuming   jt- 

self  uniformly  J-  P 

ti  =:  '230  ozs 


«  rz  230  03st»  the  mediam  premire  of  the  atmoiphere 

on  I  square  inch 
J  =r  1000  times  the  pressure  of  the  atmosphere;  or 

force  of  the  inflamed  composition 
d  =  diameter  of  the  rocket's  base 
X  =  P  D  the  space  the  rocket  describes  in  the  time  r, 

and 

V  =;  the  acquired  Telocity  in  that  time.    Then, 

#(r  is  equal  to  the  area  of  the  rocket's  base  (e  being  *7854 

the  area  of  a  circle  the  diameter  of  which  is  I)  and  n  ed*  the 

pressure  of  the  atmosphere  on  a  surfiEice  =  e  d\    Hence 

^fied^  is  the  constant  impelling  force  of  the  composition, 

Now  the  weight  of  the  quantity  of  rocket  matter  that  is 

.   c  t                           c  t 
fired  or  consumed  in  the  time  i\&—r-i  therefore  c-' is  the 

a  a 

weight  of  the  part  unconsumed ;  which  added  to  to  gives 

c  t  c  i 

tp-f-c  — .  —  :=  m  —  —  (by  putting  m  zzw  +  c)  for  the  weight 

of  the  whole  mass  at  the  end  of  the  time  / ;  or  when  the* 
rocket  has  ascended  to  D ;  and  so  far  as  weight  resists  the 
motion  of  the  rocket,  this  muil  be  dedu£^ed  from  the  im- 
pelling force.     Hence  5fied*  —  (  m j  is  the  motive 

force  at  D ;  and  sned^  —  ( m )  ^ 

V            ay    asnedr  - 
=  —  Ithe 

€  t  <|  W— C  t 

m 

acceferative  force,  ^ 

By  the  theory  of  variable  forces  we  have  generally  if  n 

^gf't  (where  f  denotes  the  accelerative  force  and  g  zz. 

mi       1.       .       ^aeMuetP  t  •     ,    „ 

IbVi  ft)*       Therefore  ij  zz  — 2 ^g  i ;  the  fluent 

am  — ■  ct 

ofwhichis  vr: —  X  hyp.lpg.  (  —  "*"  '   )   — 

2gt. 
Now  when  r  rr  o, »  =:  o ;  therefore  thfc  fluent  corrected  will 

2$tasned*     /,        ,       am      ,        ,       am — e  t\, 
hevzz  -2 X  (  hyp.  log. hyp.  log, I 

-^2ef  =  — — —  X  hyp.  log. -— 2«^r; which, 

wheu 


a79^ 
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whenibecome.^i..  =  *^Iii^  X  hyp.I«g. 


Zmg\  or,  because  m  z^w  +  c,  it  will  be  t>:^  — X 

hyp.  log. ^2ag;  which  therefore  19  the  Telocity 

IP 

of  the  rocket  when  all  the  matter  of  iDflammability  jo  its 

body  is  jatt  consamed. 
Thit  exempK-  '  For  an  example  in  nnmbers,  suppose  the   weight,  di* 
fied  in  iiam-     mensions,  &c.  to  be  as  below ;  namely, 

5  1=  1000 

# 

n  zj.  23Q  ozs« 

IT  =  18  lbs.  zz  288  OSS. 

^            -                                      c  =  10  lbs.  =  160  0Z9. 

«  =:  3  sec. 

d  zz  3  in.  =  i  f>, 

sr  =  16  ft. 

,„,       ^,      ,  «  ,    2a/r*fierf* 

-ihen  the  above  expression  for  v,  namely  ^^-^^^ X 

c 

%         .        w  +  c        ^  2X3Xl6x   1000  X  230  X 

by  p.  log. -^-i-^  —  2  a  g  = 


w  °  160 

448 
288 


448 
*7854X  tV  X  hyp.  log.  r^  —  96  =  6774'075  X  hyp.  log. 


^—q6zz  3992-9895  —  96  =  2896-9895  feet,  the  velocity 

of  the  rocket  per  second  at  the  instant  of  exhaustion  of 
the  wildfire. 
To  find  the  space  x,  we  have  by  the  doctrine  pf  variable 

forces  X  izvf  zzbf  ^  hyp.  log.  — ^^ ^  g  t  f 

q  m  —  c  t  ° 

(where  b  represents  the  fraction  — ^ j. 

Method  of  Now  to  find  the  Quent  of  this  equation,  we  must  first  de- 

iiading  the  fla«  am  i_-  1    •     j 

ent  for  the       tcrmine  the  log.  of ;  which  is  done  by  first  putting 

time  of  the  as-  atn'-^Ct 

cent  of  the       \i  in^o  fiuxions,  and  then  finding  its  fluent  in  a  series*  Thus, 
rocket. 
•  ''••*  cm,  c  t 

the  fluxion  of  the  log. being  ,  we   shall 

Pi 
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by  tsponding  the  fnction  and  taking  the  fluent  of  each 

term  have,  for  the  log. thejierieB  —    X    (  /  + 

^   a  m  —  c  t  am         \ 

-—  +        ;    i+        ,     i-^-^— ^+&cV  Henceth^ 
2a«^3i»*iii*       4o»iii»       6fl*«*  J 

be      f 

above  fluxional  expression  becomes  x  =  X    (  *  *'  + 

1-  : — i  H s — i  +  — z — A 4- «c  1  —  2^*1; 


Vhose  fluent  isx  ^  —  ^\^^^^-^  li^^T"*  + 


c 


= — ;  4 7 — 2  +  &c  I  —  isr  /  *,  which  wants  no  cop- 

rection :  therefore  in  the  case  where  t  zz.  a\  x  zz,  —  x 

um 

»  -*^»  /.3^»  -4^* 


2  ^  6w       liJrn*      20m^       30to*^       /  * 

xf  *  +:r-  +  «^»  +  T^+Tr— 4  +  M  — 

\       '3fli      ,0«  JOjw'        15  m*  / 


( 


ah  c 

2  m 

a^^;  the  space  through  which  the  rocket  ascends  dunag 

the  time  of  its  burning. 

Hence  retaining  the  numbers  in  the  example  above  for 

.         ,     .  ,    ,,  ,  C774-075   X    3   X  U)0  ^ 

the  velocity^  we  shall  have  x  zr X 

^  2  X   448 

160  160*  Ifio^  150* 

3  X  448        6  X  448  *        10  X  448  '  ^  15   X  448  ♦ 

+  &c^  —  144  =  362*8-9C875  X  1 '14022279  (the  sum  of 

the  series  to  6  terms)  —  144  =:  4159'6o6684  —  144  = 
4015*6o6684  feet,  the  space  the  rocket  ascends  through 
during  the  3  seconds  it  is  on  fire. 

The  fluent  of  h  t\  hyp.  log. g  *  t\  miirht 

^^      ^    aiR'-'Ci  *  ^      Another  TWH 

indeed  have  been  obtained  without  a  scries  ;  for  b  t\  hyn.  'Ik***  «f 'l"*^'- 

log.  — ~ —  zzbf.  hyp.  log.  am— hi.  hyp. 'log.  (a  m  ^"*'**** 

—  c*)  the  fluent  of  the  former  part  of  which  is  evidently 
^  t.  hyp.  log.  am;  and  the  fluent  of  i .  hyp.  log.  [am  —  ct\ 

=  ^ 


r?f.  byp.  l^-  (a  w  — c  /)  +  flaent  of ; =r  I.  hyjK 

log.  (o  m  —  cl) —  #  *-  -r- .  byp.  teg.  (a  w  —  cl)  z=  4    I. 

j  .  byp.  log.  {am'^et)  —  /  =: (a  m  —  c  i)  . 

hyp.  log^,  (o  m  —  c  t)  —  L    So  that  the  whole  fluent  will  be 

;r  rrt  I  .  hyp.  log.  a  m  +  -^  (am  —  cl).byp»log.  {am 

c  ^ 

—  c#)+^<  —  ^**  wbicb  when  x  =  o,  oiicl  I  =:  o  is • 

byp.  tog.  «  m.    tifence  the  fluent  corrected  is  x  =  f  ft  I 

—  '■■        j  hyp.  log.  <I^fl^ (am— -c/].  byp.  log.  (a  m  — 

ef)  +  6*— 5r'*»  *^**<^  '^  ^be  cose  where  I  ==  a  it  is  x  ir 

— — j  hyp.  log.  am  ^ (m  —  c)  .  hyp.  log. 

{a  m  ^^a  c)  -\-  ah  —a*  g  zz  [c  —  m)  .  hyp.  log.  am-{- 

acg     a  b/ .  . 

|m  —  c)  . hyp.  log.  (am  —  ac)  +  c r*  =  ~v'"* — ^'* 

(hyp.  log.  (a  Hi  '^ac) — hyp.  log.  am\  +  c 7-  I  = 

_  X  I  (m  — c).hyp.log.  — ^   -|.  c ^ J  . 

This  in  numbers  is  =:  127*0139  i<  (288  4-  hyp:  log.  VV  >^ 

160  —  1'133734)  =  4015*98'i7734.     So  that  it  appears  that 

by  summing  the  foregoing  series  only  to  ()  terms  gives  the 

|te?|ht  to        result  tvithin  *  37OO89  part  of  a  unit,  of  this  method. 

vkkh  the  Since  we  have  found  the  velocity  at  the  end  of  this  space  to 

zocket  would  .  , 

Kcend  if  the    be  2896*9195  feet  per  second ;  we  ^hall,  on  the  suppoaitiou  that 

•etardation       ^^^  retardive  force  of  gravity  re^i^us  constant  from  D  have 
nom  the  force  _ 

•fgBviiywere         ^,        .               r        -r          r             «^  *          289t>-9895| » 
. — ^  jjy  tiig  theory  of  umtorm  forces ^—  -7: ~ 

^  ^  Agf        t)4x-9993709 

131361*131  feet  for  the  height  to  which  the  rocket  wiU 
farther  ascend;  which  being  added  to  that  just  determined 
4015'9B27735  ft.  gives  135277"!  137/35  feet,  for  the  whole 
height  of  the  rocket  above  the  surface  of  the  Earth  when  it 

hhi^ 


Tase&T  OF  TBB  IIOTIOV  OF  EOOKBtH.  Hg^ 

has  juBt  lost  all  ka  motion,  which  is  nearly  equal  to  «7 
inila»« 

But  if  the  .height  to  which  it  will  ISirther  rise  be  ^^  Height  oT  Um 
maudtsd  on  the  true  principle,  that  gravity  varies  inversely 'rati  aicent  ae- 
as  the  square  of  the  difitance  from  the  Earth's  centre  ;  Then,  Sie  ulr^*^ 


Putting  r  =  C  L  the  rad.  of  the  Earth 

a  zz  CD  the  diil^nce  of  the  point  to  which 
the  rocket  b^s  already  ascended  from 


•  I 


the  centre  C  io 

X  z:  C I  any  variable  distance  from  C  r. 

V  =:  velocity  at  I  | 

and  c  =:  velocity  at  D  =  3896*9895  (L  I  q 

Then  x*  :  r* :  :  1  :  -^  the  retardive  force  of  gravity  at  I 

when  that  of  the  surface  L  is  considered  as  unity. 

^trrx 
Hence  —  c  *£>  =  ^g/^  ^    ■'  x*  (the  negative  sigu  being 

used  because  the  velocity  decreases)  whose  fluent  is  v*  r= 

4  IT  r*  .  4  ^  f * 

— — ,  which,  when  x    =   a,    and  v  =  c,  is  c*  =  ~ — • 

X  «  • 

therefore  the  fluent  corrected  will  be  v*  =i  c*  +    ^^  ^^      '{i 

ax 

8o  that  when  r  =:  o,  we  shall  have  c*  +  -= -■         ''    zz 

ax 

Aaftf^ 

o,    and    X    =     ^ i   =  (taking  the  Earth's  radius 

4gr  — ac 

at  ;J979  mHes)  91 145143-6o521  feet,  the  whole  height  of  the 

rocket   from  the   centre  of  the  Earth ;  and  consequently 

31145143-G5521   —  r  =    136023'6a^^l   feet  \s  the  whole 

height  from  the  surface.     Whence  also  the  height  to  which 

the  rocket  rises  from  the  point  where  the  impelling  force  of' 

the  composition  ceases  or  is  destroyed  is  132007*67921  feet. 

Hence  it  appears,  that,  in  consequence  of  the  diminu* 
tion  of  the  force  of  retardation  from  gravity  upwards  ac- 
cording to  the  inverse  square  of    the  distance  from   the 

Earth*s 


f  g[|  TBKOET  OF  THB  MOTIOM   OF  ftOCKBTt. 

w 

Earth's  centre,  the  rocket  will  ascend  nearly  746.54121  feet 

higher  from  a  point  4^30*609  feet  above  the  Earth's  surface 

with  a  velocity  of  3896*9B95  feet  per  second,  than  it  woald 

do  if  the  same  force  as  at  the  point  D  had  continued  con« 

stanty  or  had  continued  to  act  upon  the  body  always  with 

Foice  tlHit       ^^  same  intensity.     Hence  also,  if  the  rocket  had  a  velo« 

wMld  pievTOt  city  of  2896*9895  feet  per  second  upwards  when  at  a  height 

'  its  returning.  4  IT  r^ 

from  the  Earth's  surface  =:  —^-5 r,    it  would   never 

c 

return ;  but  continue  to  move  for  ever,   or  fly  off  to  an 

infinite  diftance.    For  the  expreffion  for  x  is .  ~ =, 

4^  r  "—a  c 

4  41  fir  r* 
or  X  :=:  ^        ,;^  where  it  is  evident  that  on  ac*  be- 

coming  zr  4^*  r*,  x  will  be  infinite  ;  and  therefore  to  6nd  a, 

we  have  only  to  put  4^  r*  —  a  c*  1=  0  and  reduce  the  equa- 
tion. 

Whence,  haying  the  height  from  which  the  body  mud 
{all  to  acquire  a  velocity,  which,  being  added  to  that  of 
2896*9895  feet  per  second,  shall  cause  it  to  move  perpe- 
tually when  projected  with  the  velocity  of  their  sum ;  we 
can  readily  determine  what  that  velocity  is  ;  and  it  being  a 
very  curious  fact  to  know,  we  will  therefore  give  a  solution 
to  the  problem  in  this  place. 

Put  J  :=  ■      a   =:  C  I  the  given  height  from  the  cen- 

treC 


X  z:  CD,  any  variable  height  from   the   same 

point  greater  than  the  rad.  C  L 
r  =  CL 


Then  — ,  is  the  accelerative  force  of  gravity  at  D  when  that 

X 

at  the  surface  is  1.   Thereforet?  'u  r:  —  2  ^fx  ;  and  the  fluent 

4  5"  r* 
of  the  same  is  »*  zz  ;  which  when  properly  corrected  is 

••  =  4gr*^-  •-  j^  =  (whenx=:r)4srr*X^i— -i^ 

=  4gr' 


OR  1  NEW  PRINCIPLE  Of  tEGEKD&E  S. 

-*Sr'   (-tJt)  =  (  because  "^  =  "^  )  *S^' 


4gr 


-igr- 


Therefore  the  velocity  acquired  in 


deaceiidin);  through  d—ria  v  :=  v'igr — c  =  36553-3482 
feet  per  eeciiud;  which,  added  to  thegiven  velocity  S896-g4S3 
feet  per  second,  gives  39450-2377  f«et,  or  7'471768  miles 
fbr  the  velocity  of  projectioo  to  cause  a  body  to  move  to  an 
JD  finite  dtklancr, 

7b  6c  (OHiinued, 


Kemarksona  nete  Prineiple  inlrodueed  by  LEOBUDBCin  hii 
Elematts  of  Geomttry.  /n  a  Letter  from  TwoMAi 
Kniqut,  £19. 


To  Mr.  NICHOLSON. 


SIR, 


Mh 


ft.  LEGENDRE   in  his   "  Eliments  de  Ccomelrte"  Neir  mode  of 
(p.  311,  3d  Ed.)  has  attempted  to  demonstrate  cerUiii  pro-  Lm"a*ip,  * 
■fosition»,  by   a   new  and  very  peculiar   kind  of  reasoniog  ; 
founded  oit  tho  consideration  of  functions,  and  the  hoino- 
^neily  uf  quanlilies. 

The  priociplt:,  introduced  by  thit  eminent  geometer,  0[i- ft*our»b'f   r-- 
pears  to  have  been  favourably  received  by  his  o<vn  country.  */„",^^;!,„d bj 

bulhasof   late  tieen  alternately  pruised  and  censurt'd  souieinBr. 
]iy  aonieuf  our  writen  :  though    no   very   convincing  irgu- '"'"> 
leiits  huvt  been  uilviincL'd  on  either  side  of  the  question. 
If  you  can  afford  me  a  plate  in  your  valuable  Journal,  1  but  it  ii  fallk- 
rill  endeavour  to  prove  the  falljcy  of  Mr.  Le^ndre'a  rea-  ""  '' 
ling;  lir-(t,  by  showing,  that  it  would  leud  to  the  uiost 
lurd  concluiions ;  and,  secondly,  by  clearly  pointing  out 
f  «rrour  iu  thU  mode  of  invebligation. 

The 


gS$  w  A  K«w  mirciru  or  iMnvUMM^ 

FmcT «f  tfilfc       The  principle  itself,  as  well  as  the  small  reliance  that  can 
be  placed  #ii  it,  may  b^  understood  trotk  the  follbwiij^g 

« 

If  two  aides  of  one  triangle  are  tqrtkX  rttpectively  to  two 
tides  of  anothef^  the  third  sides  abo  are  eqaaL 

For  let  A  and  B  be  two  sides  of  a  triangle;  p  the  included 
aagUt  C  the  oppoaite  side.  If  A,  B»  and  p  be  given,  C 
will  evidently  be  completely  determined.  C  therefore  is  a 
function  of  A,  B,  and  p.  But  it  is  plain,  that  p  cannot 
I  enter  into  this  function:  for  let  some  line,  as  D,  be  repre- 
sented by  unity :  then  A,  B,  and  C  are  numbers,  and  if 
there  could  be  an  equation  between  A,  B,  C,  and  p,  we 
might  find  p  m  terms  of  A,  B,  C  ;  whence  p  would  be  a 
number,  which  is  absurd.  It  follows  from  this,  that  C  is 
a  function  of  A  and  B  only ;  whence  the  truth  of  the  pro« 
position  is  manifest.     Q.  £•  D» 

It  is  needless  to  say,  that  the  principle  must  be  erroneous, 

wWcb  leads  t»  mcA  a  conblusion. 

Thinpthat  ^  writer  in  the  EdUbmgk  Revkwf  assets,  that  this  i^« 

cannot  be.       soning  "  takes  for  granted  nothing,  but  that  an  angle  aad  a 

therefore  inde-  "  ^•"^■'*e  magnitude,  which  admit  of  no  comparison."     It 

pendent  of      is  a  sufficient  answer  to  this ;  that  the  quantity  of  grain  in  our 

barns,  and  the  weather  which  preceded  the  collecting  it  there, 

are  quantities  which  admit  of  no  compsirison  ;  and  yet  the 

former  has  a  pretty  evident  dependance  on  the  latter. 

Use  of  ttis         It  may  be  observed  in  t\ie  above  proposition,  that  thie 

word  fuDctioii.  |^g|.nj  function  is  Used  in  a  very  restricted   sense*:  merely 

denoting  numerical  equalUy,  or  at  most  equality  of  homo-' 

geneous quantities;  whereas  every  one  knows,  that  a  quan^ 

rity  may  be  a  function  of  (or  dependant  on)  another,  with* 

out  any  such  aft^Mfe  equality  as  is  there  supposed. 

Fftllacyof  '^  ^'  ^^  ^^  "**  therefore,  to  have  shown,  that  there  can 

Lefendre*s       ][)e  no  equation,  proper fy  so  called^  as  C=  f  (A,  B,  p) 

reasoning.        i,gtween  A,  B,  C,  p.  uules»  it  could    farther  be  proved, 

that  there  can  be  no  analogy  us  C  gd  9  (A,  B^  p)  between  the 

same  quantities.     This  maybe  very  simply  exemplified; 

*  This  differs  from  the  first  of  Mr.  Legendre^s  only  in  thit  $  that  I 

hare  change  1  angles  into  sides,  snd  the  side  into  an  angle. 
I  No.  29,  p.  4. 


I  ta  tl«  sector  of  B  circlet    the  angle  nt  the  centre  U  « 

r  ftinction  of  the  arc  and  the  radius ;  »'tz  :  AniHe  cr  =t—r. — : 
■  Radius  * 

but  this  ia  no  e^ualioDi  except  we  make  an  arbitrary  choice 
«r  units. 

Doea  not  almost  the  whole  of  dynamicR  consist  of  equa- 
tions (or  to  speak  more  projierly  analoKien)  between  Artero- 
^enfoiM  quantititiea^  Bui  I  imagine  ihe  falsehood  of  this 
kiad  of  reasoniog  is  already  Bufficieittly  proved. 


ia 


.  Sir, 


r  mwl  ol>edieiit  aen-aut, 
THOMAS  KNIGHT, 


PapcattU,  Nov.  id,  1810. 
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I>nerlption  of  on  Hggrometer  far  Gassts,  and  the  MetUodof 
Using  it,  to  lubject  different  Substances  to  their  Adion  :  Ojf 
Mr.  GuYTOK-MoavEAU  •. 

OlNCE  philosophers  have  endeavoured  to  investig;nte  (he  A^certaiDing 

properties  of  aeriform   fluids,   varioos  liinds   of  apparahis"^^^'',^™  "^ 

have  been  inveuted,  for  placing  them  in  contact  wilh  »uh-  poiuni. 

■lancei,  that  by  their  action  on  them  might  elucidate  (heir 

nature,  or  might  form  with  them  new  combinations.     Of 

lute  they  have  particnlHrly  felt  the  necessity  of  reducing 

gaises  lo  the  greatest  dryness,  that  the  phenomena  produced 

by  their  essential  constituent  parts  might  not  be  confounded 

with  those,  that  might  result  from  the  decomposition  of  the 

water  given  out  hy  ihem. 

The  instrument,  which  I  now  lay  before  the  class,  appears  xhe  liKim- 
to  me  well  adapted  to  both  these  objects.     It  was  not  till  ■"""  "p^^'- 
I  hud  several   times  tried   it,   that   I  "resolved  to   have   one  ""'' "'^" 
Atiisheil  with  great  care,  and  to  communicate  s  description 


Antitr.  Ae  Chim.  toI,  LXVIII,  p.  5.  ' 

Itiii  bclore  tli«  pLiyiical  aad  nisthanislical  dist  of  (I 
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Deflcriptioa 
of  it. 


of  it  to  tho8e»  who  are  aware  that  in  these  delicate  ,eirperi«' 
meDts  we  have  never  too  many  means  of  securing  oursel?e» 
against  the  errours  of  manipulation. 

This  apparatus  heing  intended  to  be  introduced,  verj 
accurately  closed,  under  a  receiver  the  mouth  of  which  ia 
immersed  in  mercury,  it  must  be  mounted  wholly  in  iron* 
When  ihe  vessel  is  carried  above  the  level  of  the  mercury, 
it  is  easy  to  open  it,  to  give  an  opportunity  for  the  mutual 
action  of  the  substance  it  contains  and  the  gas  under  the 
receiver ;  which  is  effected  by  moving  the  dependent  part  of 
the  counterpoise,  previously  di^engagpug  the  catch.  To 
kfep  it  in  this  position,  nothing  is  required  but  a  simple 
vrooden  bracket,  with  a  notch  cut  in  it  to  receive  the  handle 
of  the  instrument,  in  which  it  is  fixed  by  a  wedge.  After 
having  allowed  it  to  stay  as  long  as  is  necessary  for  the  action 
required  to  take  place,  the  glass  vessel  may  be  closed  by  itS^ 
glass  stopple,'  and  taken  out  of  the  trough,  without  danger 
of  any  thing  escaping  from  it,  or  of  a  single  particle  of  mer- 
cury getting  in,  by  means  of  the  same  catch,  which  is 
placed  in  the  middle  of  the  counterpoise,  and  strongly  prassea 
down  the  cover. 

To  examine  the  h^'grometrical  state  of  any  gas,  take  the 
glass  bottle  out  of  its  collar,  weigh  it  accurately,  and  till  it 
with  dry  pulverized  muriate  of  lime,  that  has  been  in  fusion*; 
which  likewise  must  be  weighed.  Having  replaced  it,  and 
shut  down  the  cover  close,  introduce  it  under  the  receiver, 
and  then  raise  the  cover.  The  weight  gained  by  the  mu- 
riate of  lime  will  indicate  the  quantity  of  water  absorbed. 

Explanation  of  the  figures. 
ExpUnntioD  of  PI.  VI II,  fig.  1,  reprcbeiits  the  apparatus  introduced  under 
the  pbie.  ^|j^  receiver,  the  ijlass  stopple  raised  by  the  hinged  cover, 
to  which  it  i»  cemented.  The  cover  is  kept  up  by  the  catch 
g;  which  in  this  situation  is  placed  ufider  the  cross  part  of 
the  handle.  This  tigure  is  on  a  scale  ot*  t\^o  lines  to  an  inch* 
English  measure. 

In  fi^.  'J  the  essential  parts  of  the  instrument  are  showa 
on  a  sc'tili:  of  four  lines  to  an  inch. 

^  is  a  4;liiss  bottle,  holding  two  or  three  centilitres,  the 
mouth  of  which  is  ufround  perfectly  even;  and  confined  by 
the  screw  d  in  the  collar  B,  which  opens  with  a  joint  tft  C, 
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DURATION   OF   MDICVt.AB   ACTIOS. 

•o  that  the  vessel  may  easily  be  tuli^a  oul|  to  be  cleaned  or 
jighcd. 

E  the  cover,  to  which  the  gla^ss  9ln[i]»lc  is  cemented.  It 
here  aeeii  i;loseil  by  the  position  given  (o  the  counterpoise 
,  which  is  lecured  by  the  pressure  of  the  ealch  g,  in  the 
ovable  part  of  the  couuterpoise  H,  on  the  elbonr  in  the 

handle. 


The  CTooHian  Lci 


ure.    Bj/  William  Hide  Wollastos, 
M.  D.    Sec.  R.  5.» 


AM  aware  that  the  remarks,  which  I  have  to  offer  ou  the  Croonkn 
present  occusiuii,  rosy  be  thought  to  bear  too  little  direct  ''^""■ 
elation  taeach other  for  ini'ertion  in  the  aame  lecture;  yet 
uy  obserration  respectini^  the  innde  of  action  of  voluntary 
nuiclea,  and  every  inquiry  into  the  causes  which  derange, 
and  into  the  meana  ol  assiating  the  action  of  the  heart  and 
blood  vessels,  must  be  allowed  to  promote  the  design  of 
Dr.  Croonei  who  instituted  theae  annual  disquisitJoDs. 
^nd  it  has  always  appeared  lo  be  one  great  advantage  ut-  OniofitMtil- 

nding  tlic  labours  of  this  society,  thalit  fnvouri  the  pro- v»nug«of 
duciioii   of  any  original   kuowledge,  however  smull,  in  a 

Inched   form  ;    end   enables   a   nriler  to  say   all   ih^t   he 

lows  u|ioii  a  particular  subject,  without  iaducinj^  him  to 

]i  at  the  importance  of  a  long  dissenatioo. 

1  thall  therefore  make  no  apology  for  dividing  the  follow-  Subjectt  of 

U  lecture  into  three  distinct  |kart«.  ihiijBpcr. 

in  the  first  of  which  I  shall  trealof  ihe  duration  of  vo1on- 
lary  action. 

In  the  second,  I  iihall  altempt  to  investigate  the  origin  of 
•eaiickness,  as  arinijijr  fmm  n  nimple  mechanical  cau<e  de- 
ranging the  circulation  of  the  blood. 

lu  the  third,  I  shiitl  endeavoitr  lo  explainihe  advuntiigi^ 
derived  from  riding  and  other  mndes  of  geataliou,  in  assiat- 
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DDKATIOV   or  HDSCDtAE  ACTIOV. 

coriliiig  to   Uie  (legret:   of   force  exerted  in  the  experi- 
ment*. 

As  a  farther  proof,  that  I  was  not  much  deceived  in  my 
judgment  of  the  frequeocy  of  tlieiie  vibralioii«,  1  requested  ' 
two  or  three  uf  my  friends  to  repent  the  same  experiment 
for  me,  and  our  agreement  ivuE  such,  at  to  confirm  me  in 
the  opiaion,  that  there  could  be  no  very  considerable  errour 
in  the  CBtimale. 

The  greatest  frequency,  that  I  think  1  have  observed,  waa 

about  35  or  36  in  a  second,  and  the  lea^t  was  as  low  as  14 

or  15;  but  in  attempting  to  lessen   the  number   of  vibra- 

lions,  there  appears   to  be  a  degree  of  wristeadiuesa,  which 

prevents  any  accurate  meaanremeni  of  the  real  number. 

if       It  is  very  probable,  that  in  cases  uf  great  debility  the- 

number  may  be  even  con^iiderftbly  leas,  and  may  be  the 

reason  of  that  visible  unsteadinesB,  nhich  is  known  to  occur 

in  persons  enfeebled  by  age,  or  much  reduced  by  disease. 

^,         Possibly  the  foregoing  ubservation  may  nnt  be  nllugether 

'>   new  to  some  members  of  this  Society,  as  it  is  now  about  17 

or  IB  years  since  it  first  occurred  to  me,  and  I  was  then  aca 

customed  occasionally  to  mention  it  in  conversation  with  my 

friends  ;  but  1  am  not  aware  that  any  other  |>erson  has  mad« 

[     the  lame  remark  respecting  the  vibratory  nature  of  mufK 

1     cular  action,  ulthough  I  find,  that  Grimaldi  had  observed 

the  sound  that  occurs  upon  stopping  the  ears,  but  ascribed 

it,  according  to  the  notions  that  prevailed  in  Ins  time,  to  the 

hurried  motions  of  the  animal  spiritsf. 

*  The  risemblmicc  of  Lhe  muiculii  ilhrationi  l»  Ihe  sound  of  can- 

j;*.  iiag»  Bt  I  tliiiaade  1  ([iiireheid  to  aiise  not  10  much  fiotn  Ihe  qualit}  at 

111*  sounJ,  «  t-fm  an  agretmtnt  in   frequency  wiili  all  neiage  of  th», 

tremors  uiuilly  produced  by  Ihe  number  of  Mioiiet  ii.  ihe  legolu-  pKrot 

irenl  of  Londun,  passrd  met  hif  eariiigra 

If  the  paiDber  of  vlbnttons  be  suppa^  V4  in  a  ^eeoiiil,  md  tll»' 
breath  of  «ai:U  itnne  be  about  6  iocbei,  the 
nuieil  WMild  be  »bi>ui  B  mile!  an  hour,  which  agrees  with  ibe  liuih  M 
iieul}  >•  lilt  iibiimpiiuM  on  which  llic  c 

't  Van  iuque  ratio  ev|>eiiinenti  prxdi 
lutdniit  twrj«.rE  cuniiiiualo  fiuui  muili  niotm  ac  Ifonioref,  ob  spirhuUK 
■(itatioTxm  hiii^  illuc  iwipetuaiccurrmtium. 

CmihalUi,  Fbyiicomallieiis  d*  Lumia*,  p.  SS3. 
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The  second  remarlt  which  1  have  to  offer  to  the  society  Seas icknnw. 
'n^latt^s  lo  ^I'SBickness,  tlie  czuse  of  which  hus  not  hithartn 
licen  fully  eiplnintd  ;  anO  nithough  the  explanation  which 
I  an)  aboQt  to  propose  muy  not  appeur  altogether  salisfiic- 
(ory  to  persons,  who,  when  at  sea,  are  bIso  rendered  giddy 
hy  the  incessant  motion  of  the  waves,  and  are  couseqnently 
liahlf  to  consider  as  cause  and  effect  phenomena  which  in 
tbeir  minds  are  constantly  associated,  yet  th«  observation 
on  which  it  is  fon.ided  mny  deserve  to  be  recorded,  on  ac- 
count nf  the  degree  of  relief  that  may  be  obtained  in  that 
most  dialreMing:  aflection. 

After  I  had  been  harassed  by  seasickness  during  a  ^hort  Power  of  rr. 
voysfjc  for  some  days,  and  had  in  win  attempted  to  account  "'"'"I  i"*  ^' 
for  the  difference  between  the  inexperienced  paseengcr,  and  quired, 
those  around  him  more  a  ecus  torn  ed  to  the  motion  of  the  sea, 
I  im  percept ibty  acquired  some  power  of  resisting  its  effecta, 
aud  had  the  good  fortune  to  observe  a  peculiarity   in  my 
innde  of  respiration,  evidently  connected  with  the  motion  of 
the  vessel,  bnl  of  which,  in  my  then  enfeebled  state,  I  was  Rfipi™iion 
uniible  to  investigate  either  the  cause  or  conspquciice.     In  'fwtrt  by  iht 
waking  from  a  state  of  very  disturbed  sleep,  1  found  that  vraei; 
my  respirations  were  not  taken   with   the  accustomed  uni- 
fbrmily,  but  were  interrupted  by  irregular  pauses,  with  an 
kppeanince  of  watchin)*  for  some  tuvonrnbte  opptytunity  for 
making  the  sncceeding  effort ;  and  it  seemed  as  if  tlie  act 
uf  inspiration  were  in  tome  manner   to  be  guided  by  ihc 
tendency  of  the  vessel  to  pitch  with  a 

The  mode  by  which  I  al^erwuid  cm: 
could  primarily  affect  the  system,  w[ 
the  motion  of  the  blood;   fur,  at  ihe  st 

chest  is  dilated  for  the  reception  of  air,  iu  vessels  become  blowl. 
also  more  open  to  the  reception  of  the  blood,  to  that  the 
return  of  blood  from  the  hend  is  more  free  than  at- any 
other  period  of  a  eomplete  res[iiration.  Oo  the  contrary, 
by  the  act  of  eicpelling  nr  from  the  lungs,  the  ingress  nf 
blood  is  ea  far  obstructed,  that,  when  the  surface  of  the 
brain  is  exjiosed  by  the  trepan,  a  successive  Inru ^scence  and 
•  ubsidiiice  of  tlif  bruin  is  seen  in  alternnle  motion  with  tlia 
dilTerciit 


ceived,  that  thJsuction 
!  by  its  influence  on  " 
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different  state*  of  the  chest.     It  is  probably  from  thia  cai 
ITeadjch.         that,  in  severe  heudnchs,  a  dt^gree  of  lemiioruf]'  relief  iit 

taiiied  by  occhmoiihI  complete  inMpirulioDs, 
Thct«p!n-         In  maicknean  hIm  the  act  of  iiispirslion  will  have  some  1 
tendency  to  relieve,  if  regulattd  ea  us  to  couiitcmcl  uuy  J 
,  temporary  premtire  of  blood  upoi)  the  brain  ;  hut  tlie  csnw 
"  '•'^     of  such  pressure  reqiiiren  first  to  be  investigated. 

AH  thoie  aho  huve  ever  suffered  fioin  st-aaickness  [with- 
it  nro*  ""^  being  gidily)  wilt  n^ree,  that  the  principal  uneasiness  is 
IV  ihe    felt  duiinif  the  suhaidence  of  the  veitsel  by  the  sinking  of 
ncfl  o(   the  ira*e  on  which  it  rests.     It  is  durint;  this  subsidence) 
that  the  blood  has  a  tendency  to  press  with  nnueuul  force 
upon  the  brxin. 

If  a  person  be  supposed  htamling  erect  upon  dec^k,  it  i> 
evident  that  the  bruin,  which  in  upperrnost,  then  hustmns  no 
pressure  from  the  mere  weii^t  of  the  blooil,  and  thiit  the 
ves"el«  of  the  feet  and  lower  parts  of  the  body  must  con- 
tract, with  a  force  sufficient  to  resist  the  pressure  of  a 
ciilumn  of  blood  of  botweeo  five  and  six  feet  from  theheutl 
downward?!. 

If  Ihe  deck  were  by  any  menus  suddenly  and  rntireljr 
removed,  the  blood  would  he  no  longer  supported  by  itft 
vestelf:  but  both  would  fail  lotfctlier  with  thesamevelocity 
by  the  free  action  ofgrnvity  ;  and  the  same  conlraciion  of  tli« 
veMels  which  before  snpporli-d  the  weiijht  of  the  blood 
would  now  nccii!>ion  it  to  press  upon  the  brain,  with  u  force, 
proportioniil  to  ilti  farmer  ultilude. 

In  the  t«me  manner,  and  for  the  same  reason,  dnrini 
more  i^riidua)  aubsidence  of  the  dfch,  and  purtiul  removMl 
of  nupport,  there  must  be  a  partial  diminution  of  the  pres- 
sure of  the  blood  upaa  its  vessels,  aud  consul ueiillyi  s 
piiriiut  reuction  upon  ihti  brain,  which  would  iw  directly 
cuuiiteracted  by  a  full  inspirHtion. 

The  consefjuence  of  cxti  rual  niolioii  upon  the  blood  will 
be  bebl  elucidated  by  what  may  be  seen  to  occur  ia  ft 
colurnii  of  mercury  MiuiUrly  circumstanced. 
tUIiu-  A  bHrouK'ter,  when  ir.rrip-l  out  to  sea  in  a  calm,  Ksta  i 
the  feume  hcitjht  at  which  it  would  slmtd  on  shore;  bat*' 
when  the  ship  fnV.s  by  &ub.>i Hence  of  the  wuve,  the  inetcury 
ia  »eeu  appBreutly  to  rice  in  the  lube  that  contuins  il, 

cause 
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B  portion  of  \u  liravity  is  tlien  i^iiiployed  in  Accutoniug 
its  (lt!M'e)it  alon^  wiili  the  vessel ;  ant),  uocordiiitclyi  if  it 
were  confirieil  in  o  tiihp  cl(«e(i  nt  bottom,  it  would  do  lon^T 
\>rvn  with  it*  wlinle  wt'i);Iit  upon  t)ie  lower  end.  In  the 
Mime  uinnner,  and  for  tlie  raine  renami,  tlie  bluod  no  longer 
f)i'esEe!.  iluwnuardswith  its  wbolt^  wei^ht,  anil  will  bedriven 
wimui'ds,  by  the  diulicity  whiuh  Eietore  was  merely  ^ufficieut 
to»up|jurtii. 

The   Bicknets  occaiioned  by  swinging  is  evidently  from  Skkn»s  rr*m 
the  Hume  causes  a»  beasii^ktisw :  and  that  direction  of  the'"'"^'"'' 
luotiou,  wliich  otcasious  the  inoit  piercing  sensation  of  tima- 
siiicsK,  isi'onformnble  to  the  i:xplniiiition  abuve  ),'ii'en. 

It  la  in  desteuding  forward,  ihut  this  sensation  is  jier- 
reived  i  for  iheii  the  blood  has  the  greatest  tendency  to  move 
froin  the  feet  toward  the  head,  sinct:  the  line  adjoining  them 
is  in  the  direction  of  the  motion.  But  when,  in  thi^  descent 
lijckwurds,  the  motion  is  transverse  tu  the  line  of  the 
b6dy.  It  DCL-Hsions  little  cani|>arative  iuconveuieiice,  because 
the  tendency  lo  propd  the  blood  lonard  the  heud  U  then 
ioeonsider<ible. 

The  ret;ulurily  of  the  motion  in  swingin;^  afforded  me  nn  Nat  fully  pte- 
appHrently  fnvonrahle  ojiportunity  (or  trying  the  effect  of  ""_^*,^^''  '"' 
iosi>ii'atiun;  but  althon^h  the  ndi-antage  was    manifest,  I 
must  L-nnfess,  it  did  not  fully  e^jnal  ihe  ex|>ectulians  1  had 
formed  from  my  experience  at  sen.     It  is  possible,  that  the 
tuddenntss  of  the  descent  muy  in  this  case  be  too  j^reat,  to 
be  folly  counteracted  by  such  means  ;  but  I  am  inclined  to  Cnni«ni4  of 
think]  that  the  contents  of  theinteslint^  ure  also  affecti'd  by  'l'e"iW"'"» 
the  same  cause  as  the  blood ;  and  if  the«e   have  any    direct 
diijioitilion   to   regurgitate,   thii  consequence  will  be  in  no 
degree  counteracted  by  the  jiroeiss  of  respiration. 

A   friend  of  mine   informed   me,  that  he     had    endcn- £|feci  on  ihe 
«ourcd   to  counteract  this  niechunicul  effect  U|>on    the  sto- "»■""'')  >o 
mach,  and  had  experienced  imuietliate  relief  from  n  slight  ^^y^^,^^^^ 
decree  of  scasicknesi,  by  lying  down  upon  the   deck    with 


his  head  towards  the  stem  of  the  vess-el ;   bv 


H|jon  pitching,  he  " 


*  of  wificli. 


a  the  attitude  of  a  person  descend- 


or  only  by  sympathy  with  the  br>j 


rily  11  fleeted,  Affrtt  oi 


vlthdnwti 


in  in  all  cases  referrerl  tliri-'ctly  to  tht  itomacli,  nliirh  i» 
*ieue<l  with  such  iiittaniaiieous  retching,  that  no  peroon  who 
hau  not  bt;rii  so  situate,  can  form  a  just  coUL-eption  of  it*. 

In  thus  referring  the  sensntJODE  of  ^ea«ickuess,  in  so  );reat 
^  a  degree,  to  ihe  ogeiiCT  of  mere  mechanical  {ireuure,  1  feel 
confirmed  by  connidering  the  consequence  of  an  oppoKire 
motion,  which,  hy  loo  quickly  nithdrnwiDg  hlood  froin  the 
head,  occubions  a  tepdency  to  faint,  or  that  approach  lo  . 
fainting,  which  atnoixits  to  a  roomentary  jjiddiness  *ith  di- 
minution of  muscular  power.  Ata  tiine  when  I  vm  much 
fatigued  by  exKrciM,  I  had  occasiou  to  run  to  some  distance, 
aad  seat  myself  under  a  low  nail  for  shelter  from  a  very 
heavy  shower.  In  arininu  auddenly  from  this  position  I  wus 
altsckcd  with  such  ade^rceof  giddiness,  (hat  1  involuntarily 
dropped  into  my  former  (losture,  and  was  instanttineouBly 
relieved,  by  return  of  blood  to  the  head,  from  every  sensa. 
tjon  of  uiiensineu. 

Since  that  time,  the  ^roe  aSection  has  frequpntly  oc- 
curreii  to  me  in  slighter  degrees,  and  I  have  observed,  that 
it  has  always  been  under  similar  rircumstaiues  of  rising 
suddenly  from  an  inclined  position,  after  some  degree  of 
previous  fstigue.  Sinklugdciwn  again  immediately  removes 
the  gidiline^H  ;  and  then,  by  rising  »  second  time  more  •^nx- 
duolly,  the  same  sensation  is  avoided. 

*  There  in  one  ocnuiaD,  upon  wbirb  i  tlightrr  Bcncalioii  nf  tMi  kind 
.  i>  pnccned,  aDiI  iluppCarstQ  Imlii  sir  ibe  dinctiuD  nf  Ifatmullon  frum 
which  it  nrUFi,  to  be  downwards,  '*  In  a  coDalry  lubjert  In  frcqarnt 
rclurni  or  carth(|uakes,"  il  »  said  '  "*,  few  minulC!^  before  any  &hucl( 
cuine,  man  J  people  coold  forclrl  it  hy  an  alterHlion  in  Ihrir  itoiuBChs  j 
an  effeci  which"  (it  ii  adJed)  "  always  accumpaiiies  ihe  wsvelikc 
luotiou  uf  pBrlhqusbei,  when  il  is  so  wrak  as  to  be  iinrerlainljr  dls- 
lingiiiahable."  (Micbell,  Phil.  TrnaJ'.  vol.  M,  610.) 

]|  weins,  that  tbe  vspouri  to  which  Ibne  trcmeiidoiu  eoncussiuns 
art  uwin^,  immruM  in  ijusutily,  and  of  pradigiou«  force,  lieing.fbr  a 
lime  coofiurd  on  all  aides,  eJevale  the  turfare  of  a  country  to  a  vast 
cxieni,  until  Ihry  cilher  Gad  vent,  or  merl  with  some  partial  cause  o( 
condeuBatioD  ;  and  hruce  tbc  atleruatc  bcBving  and  ouhiLdcncc  uf  Ihcr 
l-rniinti  will  prurlucemuch  thesunic  tfTecIt  as  tlic  ri'ing  and  fulliiis  o( 


n 


lie  I 


ell  al  >i'u 


•  Phil.  Ttans.  vol.  XLll,  1 


■pARf  in.  Oh  thefaltUary  Effeetn  of  mding,  and  other  Sloitn 
of  Grstalion. 

In  the  pwcediii^T  instoiices  of  disturbintr  the   circulation  Cnialion 
of  the  blood  by  external  motion,  the  effect  is  disugreeeble,  , 
anti  fiToiifirlioiiiilly  prejudicial.    There  ma;  indeed  be  caMU 
of  diiiordei'.  in  winch  it  will  be  salutar}' ;  lint  these  ar^ pro- 
bably leH  irerineut,  than  is  generally  supposed. 

In  ihe  observations  which  follow,  general  opinion  will 
eoiirur  with  me,  on  the  benefit  derived  from  externHl  or  |)a»> 
livf  tnolion  ;  and  I  hope,  that,  in  ascribing  its  ^ood  effectB 
to  their  true  cau«e,  I  sball  enable  olheri  to  niuke  u  valunble  'honW  l>^'^i*- 
distinction,  winch  hm  nut  yet  been  preserved  witb  due  care,  (1^*,  ex*tci*e 
between  one  motion  which  is  balutary,  and  another  which  is  in  %euen\ ; 
very  frequently  pernicious.  Fur,  although  the  lerm  gMfafiou 
is  employed  by  medical  writers,  as  a  general  term  compre- 
hending riding  on  horeebiick,  or  in  a  carriage ;  and  alih«ni;h 
the  merits  of  such  motmns,  especiully  the  former,  wtre 
cleqrly  noticed,  and  perhaps  even  overrated,  by  the  discern- 
ment of  Sydeohuni  ;  I  believe,  that  no  explanutinn  has  ytt 
Wen  given  of  the  peculiar  Hdvaiitages  of  cxlernat  nnot.inn, 
and  am  persuaded,  that  the  benelits  to  be  derived  from  <'iir- 
Ti;ia;e  exercise  are  by  no  means  10*  so  high  esliiuBtion  ai 
they  ought  to  be. 

Under  the  common  term  exereiu,  active  exertion  has  too  "ciivp  being 
freijuenlly  been  coofounOed  with  passive  gestation,  and  fa-  l^hB™",j'ai„ 
tiguing  efforts  have  consequently  been  substituted   for  mo- isuluiary. 
tionsthat  urea^'reenble,  and  even  directly  invigoratinir,  wlien 
duly  adapted  to  the  streui^th  of  the  invalide,  and  the  jieca- 
liar  nitture  of  his  indispoaition, 

"Ihe  expluDUtion,  which  1  am  about  to  offcr.of  the  iffects  Effects  of  e«^ 
Af  external  mutloti  upon   the  circnlalion  of  the   bliwid,  i»  f''7i"jri'.m*i^ 
founded  upon  a  part  of  the  structure  observable  in  the  ve-  ilic  blwal, 
nous  HystenJ,  the  mechaniral   tendency  of  wlt)ch  cannot  be 
doubted,     The  vulves,    which   are  every   where  dispcrK''d 
through  lho>e  vcsveli,  allow  free  pH$»age  to  the  blood,  vin-n 
propelW  forward,  by  any  Tiiotiori  thiit   assists  its  prDgrr?s: 
but  they  oppO\e  an  immetlitite   ob»tiic]e  to  such  i>b   have  n 
eoiitrury  tendency.     The  circulation  is  conseipiently  helpH 
furnurd  by  every  decree  of  jrentle  agitation.     The   hcail   is 
supported 


I 
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supported  in  any  laborioas  effort,  that  may  have  become 
necessary  by  some  obstacle  to  its  exertions ;  it  is  assisted  io 
the  great  work  of  restoring  a  system,  which  has  recently 
Struggled  with  some  violent  attack  ;  or  it  is  allowed,  at  il 
were,  to  rest  from- a  laboiiy».to  jshidi  it  is  unequal,  when 
the  powers  of  life  are  nearly  exhausted  by  any  lingeriDjj^ 
disorder. 
•Jjj^'^l^  In  the  relief  thus  afforded  to  an  organ  so  essential  to  life, 

^^        all  other  vital  functions  must  necessarily  participate ;  and 
the  various  offices  of  secretion,  and  assimilation,  by  what- 
ever means  they  are  performed,  will  not  fail  to  be  promoted 
during  such  comparative  repose  from  laborious  exertion, 
aai  sven  tho        Even  the  powers  of  the  mind  itself,  though  apparently 
"*  '    least  likely  to  be  influenced  by  mere  mechanical  means,  are 

manifestly,  and  in  many  persons,  affected  most  immediately 
by  these  kinds  of  motion. 
Itisbility  lh»m       It  is  not  only  in  cases  of  absolute  deficiency  of  power  to 
blood.  carry  on  the  customary  circulation,  that  the  beneficial  effects 

of  gestation  are  felt,  but  equally  so,  when  romp^irt.tive  ina- 
bility arises  from  redundancy  of  matter  to  be  propelled. 
When  from  fulness  of  blood  the  circulation  is  obstructed^ 
the  whole  system  labours  under  a  feeling  of  burr}*  and  agi- 
tation, with  that  sensilnlity  to  sudden  impressions,  which  is. 
Nenousncft.    usually  termed  nervousness.     The  mind  becomes  incapable 
of  any  deliberate  consideration,  and  is  impressed  with  hor- 
rours,  that  have  no  foundation  but  in  a  distemperc'd  imagi- 
nation. 
Influence  of         It  is  in  moderate  degrees  of  this  species  of  affection,  that 
gvtutioniDA    ^i^p  advuntHjres  of  carriuffc  exercise  are  most  sensibly  felt. 
The  composed  serenity  of  mind,  that  succeeds  to  the  pre- 
vious alarm,  is  described  by  some  persons  with  a  degree  of 
satisfaction,    that    evinces    the   decided    influence  of    the 
remedy.    With  this  steadier  tone  of  mind  returns  its  full 
power  of  cool  reflection  ;  and  if  the  ifnagi nation  becomes 
more  alive  than  usual,  its  activity  is  now  employed  in  con- 
ceiving scenes,  that  are  amusing  and  agreeable. 
StriMngfei-  As  an  instance  of  direct  relief  to  u  circulation  labouring 

suiiceof  it*  from  mere  fulness  of  blood,  1  may  adduce  that  of  a  person, 
whose  friends,  as  well  as  himself,  were  apprehensive,  from 
the   violeut    and  visible  throbbing   of    his  heart,   of   the 

existence 
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exiitrnce  of  som«  orgmnic  raischief,  ukd  were  in  rodii;  mvu' 
curealBrmt^  for  tlie  (-oiisecjuenceH. 

He  wat  persuiidi^d,  and  uot  Kluctantly,  to  go  witliout 
dtlay  for  mtdical  advice;  and  mat  accutdiiifcly  tonveyed  in 
a  carriage  to  the  house  of  «ome  physician  of  eminence,  but 
did  uot  su<;ceed  in  (indiitg  bim  at  home.  As  the  symptokii 
tlid  Dot  upjieor  to  admit  of  deUy,  und  were  at  lenst  not 
ag);ravated  by  the  motion,  it  was  bojied,  that  the  wished 
far  advice  might  be  ohlmned  at  a  part  of  the  town,  which 
happened  to  be  nt  some  diatauce.  But  the  second  attempt 
pioved  as  fniilleM  as  the  former,  and  a  third  wai  made 
with  the  same  event.  Since  the  throbbing  hud  by  thut 
time  considerably  abated,  he  was  contented  to  postpone  any 
further  efrorts  to  the  following duy,  and  direeted  the  carriage 
homeward*.  By  the  time  that  he  returned  to  his  frienda, 
he  found,  that  the  motion  of  travelling  over  several  miles  of 
pavement  had  apparently  removed  the  comptuint.  The 
pulHtioii  uf  the  heart  and  arteries  had  lubaided  to  their 
natural  standard,  and  he  congratulated  himself,  thut  hi* 
Karch  of  ti  remedy  hud  nut  been  ineffi'ctuiil,  ulthuu<{h  he 
had  been  diaappoinled  as  to  the  source,  from  wliich  he 
tlionght  he  hud  most  reason  to  expect  relief. 

If  vi^tiur  can  in  any  iii»tRnce  be  directly  given,  a  man  vigour  dt 
may  certainly  be  said  to  reciive  it  in  the  most  direit  mode.  ™=''y  B"' 
wheu  lite  important  service  of  impelling  forward  the  circu- 
lution  of  his  blood  id  perforin«d  for  him  by  externul  mean*. 
The  main  spring,  or  tirst  mover  of  the  bysiein,  is  thereby, 
as  it  were,  wound  up  ;  and  although  the  several  subordinate 
operation*  of  no  complicated  a  machine  cannot  be  regu- 
lated in  detail  by  mere  cxternul  agency,  they  must  each 
be  performed  with  greater  freedom,  in  consecjuene  of  thi* 
general  supply  of  puwer. 

In  almost  every  treatise  0[i 
diMMses  are  to  be  found  numeron 
produced  by  the  several  modes 
bet^n  most  generally  adopted ;  i 
enrfiagrt,  sea  voyaires,  and  swin^tiig 
which    might   be  adduced,  it  has  a 

admit  of  a  doubt,  that  the  cure  of  the  patient   has  been 
•wing  toliljf  to  the  exteniul  agitation  «f  bis  body,  which 
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It  should  be 
eimilojred  ia 
different 
modes. 


must  be  allowed^  at  least,  to  have  had  the  effect  above 
explained  :  that  of  relieving  the  heart  and  arteries  from  a 
great  part  of  their  exertion  in  propelling  the  blood,  and 
may  therefore  have^  contributed  to  the  cure  by  this  means 
only. 

The  different  modes  above  mentioned  are  adapted  from 
their  nature  to  different  degrees  of  bodily  strength  ;  and  if 
there  are  cases,  in  which  that  which  appears  most  eligible 
may  not  suit  the  situation  or  circumstances  of  the  patient, 
it  cau  not  be  difficult  to  contrive  other  means  of  i^iving 
motion,  so  as  least  to  incommode,  and  yet  to  give  the 
greatest  relief.  A  very  gentle  and  long  continued,  or  even 
incessant  motion,  may  suit  some  cases  better  than  any 
more  violent  and  occasional  agitation;  and  in  this  way, 
Seavoyaget.  probably,  it  is,  that  sea  voyages  have  sometimes  been 
attended  with  remarkable  advantage. 


-ac 


VIII. 

Method  of  ascertaining  the  Value  of  Growing  Timber  Trees^ 
at  ^^erent  anddistant  Periods  of  Time,  By  Mr.  Charles 
Waistell,  of  High  Holbom. 

f  Concluded  from  p.  193.y 

Observations  respecting  Trees  of  different  Lengths  in  the 

Bole. 

Increase  of        Jl  REES  that  increase  annually  12  inches  in   height  and 
trees  of  diffe-  i   i  •    ,         /•    ,«.  i        xi. 

rentlengtbsof  one  m  circumference,  and  have  boles  ot   dmerent  lengths, 

bole  at  diffc-    these  boles,  if  of  the  undermentioned  lengths,  increase  after 
fentages,  ,  r  i  j    i.  •   i.^ 

the  rate  of  5  per  cent  per  annum  at  the  ages  and   heights 

under-mentioned,  and  they  Hieasure  us  under,  viz. 


Years  old 


lu.      rt. 


Contents. 
Ft.  in.  p. 


Trees  with  12  feet  bole*  at  46  their  pirt   10  at   6  high,     8 


Do. 
Do. 
Do. 
Do. 
Do. 


10 
24 
33 
40 

4S 


do. 
do. 
do. 
do. 
do. 


43 


52 


5b 


60 
64 


do.  10  at   8     do. 

do.  10  at   I'i  do. 

do.  )0  at   16  do. 

do  10  at  20  do. 

do.  lo  at  24  do. 


11 
16 

^2 


4 

1 
8 
9 


i?7    9 
22     4 

Whatever 


o 

4 
O 

8 

4 


UETBOD  OF  VAI-lilKQ  CRUWINO  TIMBEK. 

Whatever  the  lengths  of  the  4>oles  of  tref  a  increasing  aa 
above  may  be,  the  iiit^rense  is  5  per  cent  per  aiiunin  one  year 
after  Llieir  girt  in  the  inidilie  it  10  inches,  but  not  longer. 

Dut  BUppoving  that  these  trees  hove  giowu  to  Co  years  of*""  •'  ■ 
«ge,  and  increased  us  altove-meiilioaed,  their  girt  and  con- 
teata  at  that  age  would  be  as  under,  viz. 


Trm  with  16  ft.  ImIm.  I 


This  table  shows,  that  the  advanta^  to   he  gained   by  Boi(.g  of  3S 
pTUDing  trees  higher  thau  33  feet  is  not  an  object  worthy  ''^i 
«f  COD  ^deration,  if  the  trees  are  to  be  cut  don  n  at  the  age 
of  6Q  years. 

And  if  it  should  be  found,  tliat,  the  higher  a  tree  is  24  [cet, 
pruned,  the  slower  it  swells  in  the  bole,  perhaps  a  34  feet 
bnli;  may  measure  as  much  at  60  years  old  us  a  3-2  feet  bole. 
If  it  increases  half  an  inch  in  girt  in  the  last  36  years  more 
than  the  32  feet  bole  increases  in  the  same  time,  it  will  very 
nearly  equal  it  in  measure. 

A  3*  feet  hole  with  a  lop  from  20  to  30  feet  high,  with  and  « teet. 
many  large  lateral  branches,  is  certainly  a  much  finer 
abject  than  a  furly  feet  hole  with  a  top  only  twenty  feet 
high,  with  a  few  and  small  laleral  branches:  and  at  siiity 
years  old,  the  former  will  have  had  to  increase  in  the  last 
twenty-eight  years  only  one  (quarter  of  an  inch  in  girl, 
more  than  the  latter,  lo  exceed  it  in  measure,  to  say  nothing 
of  tlie  excess  of  timber  in  the  larger  lop  and  brunches.  It 
must,  however,  be  remarked,  that  at  eighty  years  of  age, 
the  furty  feet  bole  will  exceed  the  thirty-two  feet  liole  neurly 
six  feel ;  and  nt  one  hundred  years,  thlileeu  feet,  provided 
it  swell  etjuaily  fust  in  thickness.  But  unlefS  the  trees  be 
oak,  lit  for  the  use  of  the  navy,  for  which  an  increased 
price  can  be  had,  1  imagine  tew  genllemen  would  now 
choose  to  kt  their  trees  stand  to  eighty  years  of  age,  when 
the  increase  of  ihcir  boles  will  not  be  fuur  per  cent ;  still 
fewer  would  let  them  stand  to  one  hundred,  when  the  in- 
cr^se  VI  ni  not  be  three  {ter  cent  per  annum. 


50f  nkTaon  or  talvivg  osowivg  tmMA« 

# 

TkMiat  M         Agmin,  let  it  be  suppbaed,  that  tree!  sixty  yeart  oF  age 

Syjo^^  have  incteaied  annaally,  during  their  growth,  fifteen  inchea 

feet.  in  height,  and  one  inch  and  si  half  in  cirenmierence,  the 

girt  and  contents  of  their  boles,  {f  of  the  nnderHOientioned 

lengths,  will  be  as  under,  Ti2. 

ConteQU. 

Ft.  is.  p. 

Treei  with  20  it.  boles  wiU  be  19)  in.  |^  at  10   II.  bifb,  59  9    9 

Do.  fl5  do.  18|        do.  194      do.        61  0    S 

Do.  30  do.  IS  do.         iS        do.       67  6    o 

Do.  40  do.  16J        do.         20        do.       7ft  7    6 

Do.  50  do.  15  do.  95         do         7S  1     & 

Taking  it  for  granted,  that  the  shorter  boles  will  increase 

^ter  in  thickness  tl^an  the  longer  ones,  it  is  reasonable  to 

expect,  that  the  forty  feet  bole  will  contain  more  timber 

than  the  fifty  ft^t  bole  when  they  are  both  sixty  years  old  ; 

and  if  tbey  are  both  sold  at  the  same  rate  per  foot,  the  fort/ 

LoDf  boles      feet  bole  must  consequently  be  more  valuable.     If,  how- 

wiLti  "S**    *^*'  *  higher  price  can  be  had  for  longer  boles,  this  may 

tome  int*         compensate  not  only  for  their  deficiency  in  measure  at  sixty 

**>M«**  years  of  age,  but  also  for  their  standing  beyond  the  period 

when  they  cease  paying  the  common  rate  of  interest  for  the 

money  they  are  warth,  which  I  suppose  is  frequently  the 

Elm  and         case  as  to  tall  elm  trees,  fit  for  keel  pieces,  and  perhapo 

beech.  beech  for  ship  planking.     It  is  hence  evident,  that,  inhere 

the  soil  is  such  as  will  enable  trees  to  grow  to  a  great  height, 

it  will  be  necessary,  before  we  decide  how  high  to  prune 

them,  to  consider  to  what  purposes  the  timber  can  be  most 

advantageously  appropriated. 

Whatever  the  lengths  of  the  boles  of  trees  increasing  aa 

above  may  be,  (heir  increase  is  five  per  cent  per  annum»  one 

year  after  their  girt  in  the  middle  is  15  inches,  but  not  longer* 

Trees  at  60  Again,  let  it   be  supposed,  that  tree»  sixty  years  of  age 

year*  of  boie9   have  increased   annually,   during  their   growth,    eighteen 

fe<r  inches  in  height,  and  two  inches  in  circumference,  the  girt 

and   contents  of  their  boles,    if   of   the   undermentioned 

lengths,  will  be  as  under,  viz. 

Contcfift. 

Ft'  in.  p. 
Treea  with  34  ft.  boles  will  be  26  inches  girt  at  13  ft.  high,  l|i  8  o 
Do.  30  do.  25  do.  15         do.        180     9     6 

Do.  36  do.  24  do.  IS         do.        144     O     O 

Do.  48  do.  92  do.  84    '  '  do.  ,    j6|     4     O 

Do.  6u  do.  ^  do.  30  \.4^'    lG5    i    O 

Here 
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Here  agiun  we  may  Biippose,  that  the  furly-eight  feet 
bol^,  by  swelling  fiister  thai)  the  sixty  fe«t  bole,  may  en- 
ce(-il  it  in  meu^ure  at  sixty  years  of  age  ;  and  this  it  would 
d«,  were  the  girt  iiicruuseil  only  hnlf  an  iti;:h.  And  if  th« 
Ihirty-Bix  ft«t  bole  was  increaaed  two  iiicht'S  in  girt,  it 
irauld  exceed  both  tho  farty-ei;^lit  and  sixty  feet  bola. 
But  trees  of  such  swift  growth  are  fre(i»iently  cut  down 
beFore  they  are  sixty  years  old.  At  forty  years  of  a^e  the 
thirty-six  feet  bole,  if  it  swell  no  faster  thun  the  forty-eight 
fe«t  bole,  will  cootaiii  more  timber  if  measured  accordiii)^ 
to  the  present  erroneous  method.  (The  greater  dilpro- precem  m 
poriioii  thi're  is  between  the  t*o  ends  of  a  piece  of  timber,  ihodof  m 
the  more  disadvaotageously  it  meaBUres,  when  ihe  prt  is  ne„„' 
takeo  ill  the  middle.)  I  suppose  that  in  timber  of  thi« 
swift  growth,  the  longer  boles  are  frequently  not  worth 
more  per  foot  than  the  shorter  boles;  therefore,  in  this 
cose,  thiit  length  of  bole  should  be  fixed  on,  which  is  likely 
to  measure  most  at  the  period  when  the  trees  are  intended 
to  be  felled. 

Whatever  the  leiii;ths  of  the  boles  of  trees  increasing  as 
above  may  be,  their  increase  is  five  per  cent  per  annum, 
one  year  after  ilieir  girt  in  the  middle  is  20  inches,  but  not 

It  appear*  from  the  lust  observalions  and  culculutions. 
that  the  annual  increase  in  the  boles  of  trees  by  thcii 
(growth  ceases  to  be  ei^ual  to  live  per  cent  per  annum  point: 
ttiMe  between  forty-tix  and  sixty  years  of  age,  aceurding  ao 
the  holes  are  shorter  or  longer. 

But  it  being  •renemlly  allowed,  that  oak  trees,  of  a  size  Siuofoa 
fit  for  the  navy,  retjuire  to  grow  from  eighty  to  one  hundred  '"'  '•"  "= 
Mid  fifty  years,  accordioj;  to  the  quality  of  the  soil ;  and  it 
■iKted  in  Ihe  eleventh  report  of  theeoiumisiiioiiers  ap- 
IMinted    to    inquire  into  the  state  and  cuudilion   of  the 
woods,  forests,  and    land    revenues  of  the  crown  ;  I    have 
therefore  been  cidiulating  litbles,   showing  what  the  proper-  rMiuiri^a 
tionubly  advanced  prii-es  should  be,  at  ditfircnt  periods,  up  *"**'  '""^' 
to  one  hundred  and  fifty  years,  to  pay  the   proprietors   for 
letting  their  trees  stand   to  those  periods.     The^e  piices, 
npeetslly  «t  the  later  periods,  very  greatly  exceed  any  that 
ive    ever  been   given.     It  certainly  has  been  much  the 
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interest  of  the  growers  of  oUk  timber  to  fell  it  at  about 
sixty  years  of  agOy  even  if  they  replant  the  same  groond* 

htm  on  their  ^^  ^^^  ^^  stand  to  one  hundred  and  twenty  years  of  age» 
•tandiog  ISC'  and  sell  it  at  the  present  prices,  their  loss  would  exceed 
y®*^  double  the  whole  value  of  .the  timt>er  at  sixty  years  of  age. 

Nothing  short  of  a  sufficient  price  will  long  command  a 
sufficient  supply.  Owing  to  too  low  prices  the  quantity  of 
large  timber  on  private  estates  has  long  been  rapidly  de- 
creasing ;  and  it  will  be  too  late  to  commence  offering  rea- 
sonable prices  for  it,  when  it  is  all  gone,  and  no  oaks  left 
of  greater  growth  than  sixty  years.  To  have  to  wait  'their 
growing  the  second  sixty  years  may  bring  upon  us  evils 
exceeding  all  calculation. 

Faluathns  made  in  October ^  1807,  of  several  Plantatiins  in 

Staffordshire. 

Insiiaoeto^  The  valuations  were  made  of  the  trees  growing  within 
P*?**  ^*^J*J"!"  the  space  of  a  chain  square,  being  the  tenth  part  of  an  acre, 

of  the  medium  growth  of  each  plantation. 

In  the  plantation  by  the  mill  wall  there  are  now  growing 

within  twenty-two  yards  square,  as  under,  viz. 

£»   s,  </.  £.   5.    d. 

70  oak  trees,  containing 

175feet,at3«.3(/ 19  13  9 

liOOof  oak  bark,  atl2J.     7     4  0 


26  17     9  or,  per  acre,  2C8  I7     6 

The  above  is  part  of  about  four  acres  planted  in  1775,  on 
a  strong  loumy  soil,  worth  about  20s,  an  acre. 

£,   s,    d» 
One  pound  per  ann.  forborn  32  year8,  and  im- 
proved at  5  per  cent  compound  interi-st,  would 
amount  to 75    6     0 

But  the  value  of  the  timber  is  more  than   three  times  this 
amount. 

The  ground  was  prepared  for  [ilanting  by  ploughing. 

On 
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On  the  east  aide  of  Cottage  Wood  there  sre  now  growiag.uh, 
«ithia  twenty-two  yards  (quar^,  aa  under,  vis. 

e.    >.    <f.  £.    X.    A 

jtO  dishes,  containing  300 

feci,  at  U.Qd. £2  10    0 

13  oaks  do.  7  do.  2j 0   14     0 

Bark. 0    7     0 


23  1 1     0  or,  per  acre,  235  10    O 


The  above  is  part  of  about  two  acres  planted  in  177(>r 
partly  on  heaps  ol'  t;arth  in  cluy  pits,  and  partly  on  ttrotig 
aoil  upon  a  deep  bed  of  Mitd,  value  about  IS',  an  acre. 

£.   t.  d. 
fifteen  shillings  per  annum,  forbom  31  years, 

and  improved  ut  5  per  cent  compound  interest 

would  amount  to  53     0    0 

But  the  value  of  the  timber  is  more  than  foot  limes  this 
.mount. 

In  the  cluy  pita  only  holes  were  dag  for  th«  plants,  bdt 
the  other  part  wholly  trenched,  or  double  dug  with  the 
•pade. 

In   Piclcmore  Pool   Plantation  there  are  now  growing,  ig^  gr, 
within  twenty-two  square  yards,  aa  under,  vis. 

£^  t.  d.  £.  t.  d. 

97  Scnich  firs,  containing  63G 

ftei",  at  U.  .  .  31  l6  0  or,  peracre,  31B  0  0 
The  last  plantation  is  part  of  about  six  acre*  planted  ia 
the  iprioj^  of  177*)  and  g.  Much  of  the  soil  is  a  tough 
cat  ua  gravel  or  hungry  while  saniJ,  worth,  aay,  5i.  per 
acre. 

lliis  ground  lay  between  two  tenant?,  who  had  never 
CtlltiviiltHl  it.  They  haii  ihvn  nineteen  years  unexpired  of 
their  least;  of  thiriy-one  years  of  this  and  tlie  adjoining 
Iwida,  and  willingly  guVe  it  up  to  be  planted,  on  cooditioa 
Df  haviug  the  feuces  aiude  and  kept  in  good  repair. 


•  Thii  produce  ii  afwr  l)ic  rai«  gf  &3G0  It 

eniaufT^blelV. 

Vol.  XXVII — Dbc.  ipio. 
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£,     t.    d. 

FiveshtllingRaj^ear,  farbom  29  yf^n*  '"^^  ■■»- 
prooed  at  5  [ler  cent  compound  interest,  would 
smountto  15  It     0 

But  the  value  of  the  limber  is  mere  than  twenty  times  thta 

amount. 

The  trees  were  about  two  feet  high,  and  planted  at  iwA 

yards  distance,  in  holes  dog  with  the  Hpade,  13I0  oa  an 

acre.     Labour  of  making  the  holes  aud  planting  the  trees 

losi  1/.  6s.  lOJd.  per  acre. 

About  2700  were  planted  on  an  acre  in  the  other  ptantn- 

tiona,  B  here  the  ground  was  wholly  broLen  up. 
Thinniop  piy      In  the  rcoaarka  on  theae  three  phnt^tions,  no  notice  la' 
exjxmet.  t^en  of  the  thinnings.      I  am  informed  by  gentlemen   who 

bate  kept  accuuifts  of  thiHuiaga,  that  these  have  repuid  the 

rent  of  the  landi  and  every  exj^ense,  with  compound  inte- 

te»t,i  soiBf  lime  before  the  woodi  were  thirty  year*  old  ; 

and  the  prec^inif  ciilculations  show,  tiiat  it  may   be  so. 

And  if  10,  the  present  value  of  these  plautalious  is  nil  clear 

gun. 

The  vAluef'  of  tbe*e  plnntations  has  bought  a  good  daol; 

of  wood  out   of  (hem  ;  and  the  prices  he  h.is  valuod  at  p»r. 

foot  may  poniUly  he  a  lair  value   tliete  fur   vuch  tmalt 

timber. 
Fitjoapoor  The  growth  of  the  firs  tn  the  lust  mentioned   pUntatioi 

■luuad.  \t  probably  us  great  in  that  pcx>r  ground  as  it  would  hatt 

hcen   had  they  been  planted  on  ground  of  three  or  foiv 

times  its  rutue ;  ihit  must  be  a  powerful  inducement  to  i 

geuUeman  to   plant  a)l  such, poor  ground  in  thu  first  >n- 

■taiK:K. 
TrrMonbtnii      A4id  a  few  of  oaks  aihea,  and  fin  may  be  rai^d   i 
U^^s""'    »'"><»"  •■■'^'■y   farm  in  screen*,  that  rooy,    by  their  shtltef^^ 

iiiciesse.  the  Talue  of  the  farm  to  the  occupier,  by  in- 

ireu'^iTig  the  produce,   particularly  that  of  gras»  ground*.. 

In  ihii  cuK^the  iniereat  of  landlord  and  tenant  may  be, 
toiEin  buUe  reciprocal;  but  it  If  the  reverse,  where  trees  ure  planted  im 
■«wi.  bedge-rons. 

MvntfKinl  on       And  even  the  sidi^a  iind  tops  of  high  mountains  may  t>« 
'■rf''''n?  lUade  ubundantly  more  productive  of  grass,  if  certain  por- 

trtBi     '  tious  of    ihfin   were   surtounded  bj    plunialions.     Thes« ' 

pluDtatiouut 


irarM*  d#  tMctiNcr  okoWitttf  fnMe*. 

pliHitattms,  by  breatttng  ^e  force  of  mid  oinds.  dimioiflh 
their  chilling  effect  on  ihe  fields  the  pluntatioDs  aurroand. 
and  render  the  cHfnsW  on  mouutaitiB  much  more  mild  and 
genial. 

This  last  kind  of  improvement  «riH  generally  be  found 
wry  gwatly  to  exceed  the  expectation  of  the  iiiiproTer, 
provided  it  be  judiciouQy  plaooed  and  executed. 

e.  WAISTELL, 

Additional  Remurks'. 
Great  toss  is  frequently  sustained  by  omitting  to  thin  Lo«  fioi 
pUntationn  properly,  and  in  d«e  ttaie,  bnt  I  *m  not  in  pop-  ihinmng  plan- 


may  be ;  I  "ill  however  ventare  to  give  a  short 

some  calculaiions  I  liave  mode,  as  to  the   loss  tliat  would 

now  be  saatitiiied,  by  letting  trees  grow  to  s  great  ag?. 

In  Miller's  Gardener's  Dictionary  it  is  stated,  that,  in  a  uid  from  lat- 
full  of  oak  timber  in  Lord  Bagot's  woods,  Mr.  Marshall  l^'ij,*;^""" 
counted  the  rings  of  one  tree,  which  was  sound  at  the  hatt, 
and  found  the  oumber  to  be  about  200.  Its  bole  was  22' 
feet  long,  *nd  106  inches  in  circumference  in  the  middle. 
Its  coDlents  110  feet,  which  at  is.  amount  to  11/.  I  think 
it  wts  last  year,  that  a  fine  sound  oak  tree  was  cat  dowD. 
between  Shrewsbury  and  Oswestry  in  ShrnpshiTe,  of  3tK» 
years  of  age,  and  sold  by  auction  for  5'ih  $s,-~Jia6  under 
my  direction,  many  ouk  trees  weie  cut  down,  some  years 
■go,  that  could  not  be  less  than  300,  tind  gome  of  them  pro* 
l>ubly  400  yeurs  of  age,  aad  even  more,  in  Hunter's  Bre- 
lyn's  Sylva  is  given  the  ui  re  um  fere  nee  of  10  trees,  not  one 
of  which  was  probably  tess  than  500,  and  some  of  them  pro- 
bably lODO  years  old. 

Lurd  Bi^ot'i  tree  of  300  ycjrs  old,  above-mentioned, 
would,  ul  the  present  price  of  3i.  a  foot,  be  worth  16/.  lOt. 
Supposing  that  3».  ■  foot  shouid  continue  to  be  the  price 
of  oak  timber,  for  the  next  200  years,  we  will  in(juJre 
what  sum  ini)(hi  be  ivised  by  growing  fodr  oak  trees  in 
•uccession,  upon  tho  Kame  spot  of  ground,  each  tree  to 
be  cut  down  wlien  50  years  of  aye,  and  that  their  boles 
•Tum.ofOie&K;.  of  Ara,  vol.  XX VII.  p  81. 

X  1  slMWld 


/ 
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Loii  horn  let-  thould  be  of  the  tame  length  as  that  of  Lord  Bagot't,  viis* 

tins  tfeci         2d  feet. 

«uod  too  long.      _  V*  ^ «.  n  i_  •  •     -^  i. 

I  fix  on  fifty  yean  of  age»  as  bong  convenient  for  my 

calculation ;  and  nearly  the  most  profitable  period  at  which 
to  cut  down  trees  of  S8  feet  bole,  which  have  grown  at  the 
roediam  rate  of  one  inch  in  circumference,  and  li  inches  in 
height,  annually. 

After  its  5Snd  year,  SMch  a  hole  ceases  increasing  after  the 
rate  of  5  per  cent  per  annum^  but  the  whole  tree,  inclod- 
iug  the  top  part  above  the  bole,  may  continue  increasing 
after  that  rate  until  its  6l8t  yearf. 

I  do  not  fix  on  50  years  of  age  as  being  the  most  profit- 
able age  at  which  to  cut  down  trees ;  probably  60  or  70 
years  of  age  would  in  some  instances  be  preferable.  Sup- 
posing an  oak  tree  has  increased,  as  above-mentioned,  its 
bole  of  32  feet  would;  at  50  years  of  age,  measure  39  inches 
in  circumference  at  the  middle;  and  one  fourth  of  this, 
namely  gi  inches,  squared  and  multiplied  into  92  feet, 
'     '  its  length,  gives  14  feet  6  inches  for  its  contents*,  which  at 

31.  a  foot,  its  present  value,  amounts  to  £2.  3s,  6d,  Sup- 
posing £2  Ss.  6d.  to  be  the  value  of  each  of  the  four  trees 
of  fifty  years  of  age,  grown  In  succession  upon  the  same 
spot  of  ground,  in  the  period  of  200  years,  we  will  calculate 
to  what  the  first  three  trees'would  amount,  if  their  value 
was  placed  out  at  compound  interest,  for  the  respective 
terms  of  150,  of  100,  and  of  50  years. 

£•  $•   dm  £    s.   d. 

2  9     6     Accumulating  during  150  years,  at 

5  per  cent  per  annum  compound 

interest,  will  amount  to 3'2S0     0    0 

3  5     6     Accumulating    as    above    for    100 

.  years  would  amount  to 286    0     0 

<i    3     6    Accumulating  as  above  for  50  years 

would  amount  to ••••..•       94     0     0 

Add  to  the  value  of  the  tree  to  be 

«*nt  dowu  at  the  end  of  200  years  • .         2     3     6 

Total  amount  in  200  years*  •  • » •  t  •  •  3592     3     6 

'    *  <  ■ 

•  See  Table  10  of  a  bole  of  24  feet,  p,  19. 

t  Sm  my  lirst  Table,  p.  28. 

And 
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Aad  carrying  forward  this  calcula- 
tion, the  total  amount  of  the  pro-  . 
duce  in  300  yearn  would  amount 
to* ^47!!40B    0    O 

la  fonner  tiiDM,  wheo  the  vtlue  of  oak-woods  were  0«Ib  fonnerljr 
entiinated  by  the  number  of  hoga  their  ncorns  woold  fatten)  ^^"  .^rm 
tile  g-rciit  age  of  tr^es  would  b«  of  amnll  couBideration;  but 
in  the  present  limes,  1  hui  persuaded,  that,  if  gentlemen, 
who  have  many  trees  standing  of  the  age  of  150  years  aud 
upn-arde,  would  give  this  subject  its  due  coniidention, 
they  will  be  uware  of  the  immense  tus»,  to  whieli  they  are 
voluntarily  subjecting  rhemRelve»— And  tins  great  low  ii 
much  to  be  regretted,  in  a  political  point  of  view,  especially 
ac  ihe  produce  of  this  i^taud  is  iusuliicient  for  il«  necessary 
iplmn. 


Remarks  on  Pro/enmr  Wood's  Mfic  Thtory  of  tht  Diurnal 
Molten  of  lie  Earth  round  in  /(xm.  h  a  teller  from  u 
Corrfupondent. 


To  Mr.  NICHOLSON. 


SIR, 


me  in  hopes,  that  Prof.  Wood's  mtcswr 
ibvert  the  Newtonian  theory  of  *''™''' ''TPt- 
'         (hois  not  jta 


1  HAVE  waited  so 
h,v  pothesia,  intended 

the  tides,    would  be  noticed  by  sume  one  or  other  of  ilie 
able  mathematicians  in  our  country.    They  can  scarcely 
think  the  production  of  the  American  professor  so  absurd, 
an  to  merit  no  atlentiou  ;  and  on  the  oiher   hand,  if  its 
(rulh  be  evident,  it  surely  does  not  deserve  to  be  pawed 
over  in  ulance.     Nothmg  however  having  yet  been  nid 
about  it  in  your  Journal,  1  am  tempted   to  ask,  whether 
the  _prof.  have  not  led  himself  into  an  erronr  by  confound-  ^ 
liig  together  absolute  motion   and    n-lative  motion,    and  n 
reasoning  on  the  cD'ects  of  one  from  the  quantity  of  th«  *"' 
Qther, 

That 
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yfc«i«nBifu(J  Tlmt  the  point  of  the  circle  genemting  «a  epicycloiil, 
e^aed''ia"^iiT  "''''^^  '*  farlheW  from  the  cenln:  of  the  circle  round  which 
point  of  aa  it  revolvex,  moveB  &ibter  ttirou^b  ipuce,  and  conseqiit 'itly 
pitjema.  [^^  ^  greater  atwolute  vdoeily,  than  the  oppaiiie  point,  I 
am  not  inclined  to  dispute.  But  I  presume  the  motioDt 
that  produces  centrifugal  force,  is  the  rotary  motion  lonnd 
that  centre,  tVom  which  the  particles  of  matter  have  a  ten- 
dency to  fly  otf;  ai)d  it  appeari  to  me,  that,  the  rotary  mo» 
ti«n  of  erery  point  in  the  circa  inference  nf  the  g^erating 
circle  round  the  centre  of  that  circle  being  the  same,  it« 
velocity  wilh  respect  to  that  centre  is  uniform,  and  of 
course  there  in  no  «lt«niate  increase  and  diininntioo  of  this 
velocity,  which  produces  the  centrifu^l  force. 
TsTiho  illitf.  This  is  perhaps  the  simplest  mode  of  considering  the 
kuion  or  tbii.  subject:  but  we  might  take  it  in  another  point  of  view.  If 
we  suppose  the  circle  A  O  B  E,  in  prof.  Wood's  dtafttsKit 
vol.  XXVI,  pi.  V,  fig.  7.  to  be  moving  through  space  in 
the  direction  C  C,  while  revolving  in  the  direction  A  D  B  ; 
and  put  a  for  the  velocity  with  which  A  revolres  round  C, 
b  for  the  velocity  with  which  B  revolves  round  C,  and  c  for 
the  velocity  with  which  the  centre,  C,  is  carried  \m  ttic 
direction  C  C:  then,  aa  the  motions  of  A  and  C  are  in  the 
same  direction,  the  absolute  velocity  of  A  through  spare 
will  he  a  +  e;  and,  as  the  motions  of  B  and  C  are  in  op- 
posite directions,  the  absolute  velouity  of  B  will  be  h—e. 
But  the  relative  velocity  of  A  wilh  ret^pect  to  C  will  be  sirn* 
pljo;  because  from  its  absolute  velocity,  a  +  e,  we  must 
deduct  the  velocity  of  Q,  moving  in  the  same  direction^ 
aud  a +  c  —  e  obviously  =.a:  and  ag^n,  the  relative  vetrn 
city  of  B  wilh  respect  to  the  centre  C  must  continue  ^  6; 
because,  if  to  its  absolute  velocity,  b-^e,  we  add  that  of 
C,  moving  in  the  opposite  direction,  we  shall  have  b  —  e  -\- 
c  ^  A.  Now  <i  and  b  are  clearly  equal,  because  they  merely 
express  the  velocity,  with  which  two  different  points  in  the 
circumference  of  the  same  circle  revolve  roDnd-ils  centre; 
ond  therefore  the  centrifugal  force  is  not  in  any  way  afiected 
by  the  epicycloidtti  motion, 

I  am,  Sir, 
Vour  very  ub«dirat  hnmhle  servant, 
tiw.  IS.  1810.  T.  NOOT. 

Mmarkam 


AKAlTSlB  or  SCAKMONT. 


311 


The  Tiypothetis  or  ptor.  Wood  I  believe  is  not  new.     I  Ttehypoih* 
understand  the  same  theory  suggested  ilseir  to  Mr.  James'"        "**' 
Ferguson,  who  Tulue*!  himself  upon  the  discovery;  but  hit 
manuscript   was   never   sent  to  the  jiress,  as,  on  showing  it 
to  Kotne  Trleiids,  it  was  thouglit  to  be  founded  on  enoneouv 
principles.     The  preceding  letter  I  Insert  with  pleasure!  as 
it  appears  lo  toe,  to  give  a  simple  and  salit>riictorf  account 
or  the  subject :  but,  though  such  in  my  private  opinion,  I 
considered  it  proper  to  lay  prof,  Wood'b  circular  letter  be- 
fore my  readers ;  particularly  as  I  knew  that  some,  who  do  bm  ""t  deti*.' 
not  rank  among  the  most  contemptible  malhematiciaRt,  had  '  °  ' 
uot  beeu  able  lo  make  up  their  miods  respecting  it. 


An  miatj/iieal  Estay  on  the  Scamnioniet  of  Alrppo  ami 
Sntt)mm,  with  some  Observations  on  the  reddening  of  Lit- 
mus by  Resins:  by  Messrs.  Bovillon-Laqbamoe  and 

VOGBL*. 


JL  HE  two  torts  of  scammony  xre  obtained  from  the  root  Two  t 
of  a  plant,  thut  grows  in  Syria.  The  finest  and  pu 
fi'^mmony  is  procured  by  making  an  incision  in  ihe  root, 
Hnd  drying  in  the  sua  the  juice  that  exudes.  But  fre- 
quently! in  order  lo  obtain  a  larger  quilDtity,  the  people  of  ' 
Syria  uiid  Nalolia  express  the  juice,  and  not  only  from  the 
root,  but  from  the  stalks  and  leaves  aUo.  Often  too  they  Ailuliemtiuiii 
adultenite  it,  by  mixing  with  it  the  juice  of  some  other 
milky  and  acrid  plants,  as  thut  of  the  spurges ;  or  iucres'ie  , 

its  weight  by  a  mixture  of  ashes  aud  other  foreign  matlere. 
To  know  thut  the  scnmmony  contains  none  of  these  hetero- 
geneous aubslancea,  the  buyer  should  break  the  tninps, 
i-hoose  those  that  are  shining  interiorly, and  reject  those  that 
apjiear  too  black,  burnt,  or  containing  sand. 


•  AxnileideCliim;'-,  vol.  LXXII,  p.  C9. 
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Oiftrence  in       Aleppo  scammooy  is  light,  of  an  ashen  gray,  shining, 

Jj^  •?!?«*«!•  transparent  in  its  fracture.    That  of  Smyrna  is  very  coai'» 

pact|  heayy*  of  a  darker  colour,  and  more  difficiiU  to  pow<* 

Aleppo  seasu  Examination  of  Aleppo  seammony. 

MLposed  to  When  this  scamtpony  is  pure,   it  melts  entirely  on  o 

k^^  heated  plate  of  iron,  and  emits  fumes  of  a  nauseating  smell* 

Trctted  with   Triturated  with  water  it  renders  it  milky.     With  boiling 

Wdter,  ^ater  it  concretes  into  a  lump ;  the  water  becomes  yellow, 

and  has  a  bitter  taste;  but  it  is  neither  alkaline,  nor  acid  ; 

which  proves,  that  this  substance  is  flot  adulterated  with 

ashes,  as  some  authors  ai&rm. 

Alcohol  at  40*  [sp*  grav.  0*817]  produces  a  8li<;ht  preci- 
pitate  in    this   aqueous  solution;  and  the  acttate   of  lead 
9C9asious  a  yellow  flocculent  precipitate  soluble  in  nitric 
acid. 
»Qd  with  aico-      The  alcoholic  tincture  of  scommony  has  a  brownish  yel* 
hoi.  low  colour.     It  reddens  tincture  of  litmus ;  and  leaves  on 

evaporation  i|  yellowish  white  apd  transparent  resin. 
Bato.  This  resin  dissolves  entirely  iu  nitric  acid,  which  it  colours 

"•  yellow,    f  he  addition  of  water  renders  this  solution  slightly 

•       turbid. 
ComVmcswhh      It  is  equally  soluble  in  a  solution  of  pure  potash,   even 
po**»^«  without  heat,  when   its  colour  is  yellow;  but,  it  heat  he 

employed,  it  is  brown.     Water,  even  in  pretty  large  quaii- 
and  t^pn  w»th  tity,  does  not  precipitate  any  of  the  resin.     If  the  solution 
muriatic  acid.  \^  saturated  with  muriatic  acid,  the  resin  does  not  separate. 
This  triple  compound  of  resin,  ucid,  und   potnsh,   claims 
the  notice  of  practitioners:  perhaps  we  may  thus  discover 
a  solvent  for  resins,  that  water  would  not  render  turbid. 
Insoluble  part.      The  part  of  the  scammony  that  was  not  soluble  in  alco- 
hol assumed  a  gray  colour  when  dry.    Treated  with  boilin^; 
water  it  coloured  it  yellow,  and  alcohol  occasioned  a  white 
flocculent  precipitate  in  it. 
Eiperimenis        '^^  determine  thf  proportion  of  the  constitaent  princi- 
fo  determine     pies  of  Aleppo  scammony,  we  took   100  parts  of  this  sub- 

trf^w^ormlo^' *'^"^*^»  *"^  exhausted  them  by  alcohol.     The  solution  was 
Hcnt  pari*.       yellow.     A  gray  substance  remained,  which,  wh<'n  dried, 
neighed  20. 

Tim 
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The  alcotiolic  ■olulioa  was  evnporuted  to  a  situpy 
CADsitttence.  Cold  wuter  pTecipitftt«d  from  it  a  re»iii, 
which  rornici]  a  hoiDDgaai-otiB  uinsH,  The  HupFrualanl  li- 
quor wus  clear  aud  colourleBS.  Evoporuted  to  dryiicuB  t 
brown  inatltrr  was  obtained,  soluble  both  in  nnttr  and  in 
alcohol,  end  preci  pi  table  by  acetate  of  Ifud,  This  siib- 
ctalice  appi-Hred  to  hi:  wimt  i«  called  uxlroct.  When  dried 
t  weighed  2  purts. 

The  reoiiioui^  msKs,  separated  and  dried,  vat  yellow,  and 
weighed  6o. 

The  t6  parts  insoluble  in  alcohol  were  thi^n  treated  witli 
boiling  water.  After  eva|>oruliuu  a  glutinous  matter  re- 
mained, weighing  3  parts,  and  hiiving  all  the  charnclers  of 
gum-  The  veniainder  consisted  of  fibres  of  regetahlea  and 
«  little  silex. 

The  distillation  of  Aleuno  scammony  exhibited  nolliinii  Su^oo"^  t" 
,    ,,         ,.  ,        "  J   I  I-  dry diMilliliwi. 

remarkable.     Its  products  were  u  very  acid  brown  litjuor, 

and  a  light,  bbicl.ish  nil.    The  caul  nas  black,  shining,  and  ' 

compact.      It  contuinedlhe  carboiiates  of   pota<.h  and  lime, 
f  litmiiie,  silex,  and  a  little  iron. 

Examinatuin  ofStnt/rna  Kammony,  SBiym««»m-. 

The  fusion  of  Smj  ma  scumn.ony  is  less  complete  than  ^^^  '"*  '"*'' 
tW  of  Aleppo.     Instead  of  concreting  into  a  lump  '^i'h  Tf«ied  with 
boiling  wnter,  it  becomfr*  clotty  ;  but  the  water  ponred  offwiie', 
IHS  slmilur  qualities. 

Ao  eqnal  portion  of  this  scammony,  esliHusted  by  baling  iind  aUhalco- 
ulcohol,  afforded  u  tincture  of  a  deeper  colour,  though  con-  *"■'• 
taining  less  resin.     By  evuporatioD  a  brownish,  transparent 
resin  was  obtained,  weighing  28  parts.     The  matter  iaso- 
luble  in  alcohol  weighf-d  iS6.     Tliift  residuum,  treated  with  Re,i,t„um 
boiling  water,  coloured  it  yellow.     The  solution  had  a  faint  bolM  m 
tweetish  taste  ;  and  alcohol  produLed  in  it  u  fiocculent  pre-  """ 
cipitfte  soluble  in  water.     On   evnporation   it   It^l't  a   thick 
glntinnuB  matter  resembling  mucilage,  nolnble  with  lieat  in 
«eak  nitric  acid,  and  letting  fall  on  cooling  a  while  ptilve- 
«  rutent  substance,  that  Inid  all  the  clniructcrs  of  oiiicons 

In   this  experiment  water  took    up  only  8  purts  of  the '"'"'"W* 
niHtter.insolubli.'  in  tilcoho!.     The  remniuder  wuh  Mibjected 
to  the  action  of  nitric  aeid  .issisted  by  heut,  which  dissolved 

it 
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It  with  effervescence.  Ammotita  aAIed  to  this  soliitimi 
threw  down  a  precipitate'  soluble  tn  potash.  Potash  and 
oxalate  of  ammonia  too  occasioned  a  precipitate.  This  re- 
sidaum  therefore,  beside  regetable  fibres  and  the  substance 
insoluble  in  water  and  alcohol,  which  appeared  to  be  oxi«*> 
genised  extract,  was  composed  of  alum  me  Cknd  carbonate- 
Of  lime. 

This  stibstance,  being  incinerated,  left  a  whitish  powder^ 
soluble  in  great  part  with  effervescence  in  muriatic  acid. 
This  solution  contained  alumine,  lime,  and  a  little  ifon» 
The  portion  not  soluble  in  muriatic  acid,  being  treated  with 
potash^  yielded  a  siliceous  precipitate  on  the  addition  of  aa 
acid» 

2xki»cti«e-  The  water  employed  to  precipitate  the  resin  left  after 

evap<»ration  a  brown  matter,  weighing  5  parts,  of  a  bitter 
taste,  attracting  the  moisture  of  the  atmosphere,  soluble  ii> 
alcoho/l,  and  copiously  precipitated  from  its  aqueous  solu-^ 
tion  by  acetate  of  lead.  This  substance  exhibited  all  the 
properties  of  extract. 

From   this  analytical   essay  therefore  it  follows,    that 

P*t»  af  Al«p-  Aleppo  scaroraony  is  composed  of 

Resin ••• 60 

Gum • •• ••••••    5 

Extract  ....• ••••..    2 

Vegetable  fibres^  earthy  matter,    &c.^  •  •  d5 

100 
tn^of  Smyfaa  and  that  Smyrna  scammony  contains 

»«*»"«y«  Resin - 29 

Gum    •• « 

Extract   5 

Vegetable  fibres,   &c.  •  •  •  •  58 

100 

^.        I  Though  the  resins  obtained  from  the  two  sorts  of  scam- 

hiTe  bnth  ap-  mony  have  considerable  analogy,  yet,  as  that  of  the  Aleppo 
f^^^JH  ***•     is   yellow,    transparent,    and  friable,    while    that  of    the 
Smyrna  is  darker  coloured,  and  more  difficult  to  powder^ 
we  thought  it  would  not  be  useless  to  ascertain,  whether  there 
were  any  difference  in  their  medicinal  properties.    In  con** 

sequenc*^ 
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•Pveral  physictttng  undt^rlonk  to  make  comparalire 
Inals  on  pprsonn  of  nenrlj'  Biinilnr  con  ati  tut  ions,  but  thoy 
fcave   not  jet   observed   any   ditl'ereDce   in    iheir    purgalive 

From    the    prece<1ing  analysis    we   mri;  (.■oiidmle,     tliut  A  f^um-reriii 
•cammaDy  i«  a  true  gum-reain  raiogted  witli  a  ''"'«*»•  e^,"^*"'' 
tract.     It  if  true  it  contuiua  mucli  Imis  t;uiD  tliiin  ih«  t>ther 
gutn-rcKitWi    yet  enough    to  form   a    milky     liquor  ^iilh 

The  aciion  of  the  alcoholic  tincture  of  ecammony  on  ui,na%  it^ 
litmus  ltd  us  naturally  lo  exauiine,  whethef  the  propter ty  of '''",'«•  ^T 
reddening  this  blue  colour  were  owing  to  an  acid.     None 
of  our  nperiineats  having  furnished  u  direct  proof  of  thiS) 
we  made  a  comparative  trial  of  Bome  reains,  nhich  we  sub- 
jected to  the  following  experiments. 

1.  Sandarach,     This  resin  is  converted  into  a  grumoui  Gum  unila- 
mass  by   boiling  in  water.     The  filtered  litiuid  remains 'x'''- 
clear;   «ud,   when  evaporated  to   a   certuin  point,  slight- 
ly   redden*  tincture  of  litmus;  its  ta«e  is   bitter;  It  dues 

not  alter  infusion  of  violets  :  it  ia  not  precipitated  by 
alcohol,  or  acetate  of  lead,  which  shows,  that  it  coniuius 
neither  gum  nor  entracl.     It  io  therefore  a  pure  resin. 

The  [«gin  thus  treated  with  boiling  water  was  dissolved 
in  alcohol.  This  tincture  ttron^ly  reddened  (hut  of  lilmui, 
%aS  had  no  action  on  sirup  of  violei<;. 

Powdered  sandarach  was  digested  in  alcohol,  and  boiling 
water  poured  into  the  hot  Hltered  solution,  which  preci- 
pitated the  resin.  The  filtered  liquid  •^reir  turbid  on 
cooling;  it  h«d  the  strong  emell  of  reain  of  sanduruf'h  ;  ill 
tasle  wag  bitter ;  and  its  nctioti  on  the  tincture  of  liiinns 
waj  IO  weak,  that  it  could  not  be  supposed  to  coutain  a  free 
acid. 

2.  JUattie.      This  substance   exhibits  nearly   ihe  same  jUtMic. 
phenomena  a^  the  preceding;  but  the  resin  concretes  into 

«  masi  in  boiling,  like  turpentine.  The  water  Ims  a  bitter 
taste,  and  bAs  no  action  either  on  litmus  or  sirup  of  violeto. 
The  reain,  on  the  contrary,    ftrongly  reddens  tincture  of 

3.  Olibamim  forms  with  hot  water  a  thick  pnp,  which  oiibgnuoi 
yj^  sep«r«tcd  from  the  lif^uid  with  dilBuulty  even  by  filtration. 

Thii 
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This  water  has  a  blackish  brown  colour^  is  Dot  precipitated 
by  acetate  of  leady  and  does  oot  alter  the  colour  of  litmus ; 
but  alcohol  throws  down  a  copious  precipitate  from  it, 
which  proves,  that  this  substance  is  composed  of  gum  and 
resin. 
The  alcoholic  tincture  strongly  reddens  that  of  litmus. 
If  the  resins  that  have  most  action  on  the  colour  of  litmps 
be  heated  with  all  due  precautions  on  a  tond  bath»  no  acid 
sublimes. 

Treated   with  lime,  according  to  Scheele^s  process,  do 
calcareous  benzoates  are  formecL 
Vttiotts  other       4.  Lastly,  the  gum  resin  ammoniacum,  myrrh,  elemi, 
stMicwf  *"  "    anime,  galbanum,  tacamahacca,  resin  of  jalap,  both  pre- 
pared by  ourselves  and  that  of  the  shops,  Venice  turpentine, 
oil   of  turpentine,   and  several  other  resinous  and  gum- 
resinous  substances,  afforded  the  bame  results  as  those  ob- 
tained from  scammony,  sandarach,  and  olibanum.     From 
these  facts  it  appears  still  difficult  to  solve  the  question, 
whether  the  reddening  of  litmus  by  resius  be  owing  to  the 
presence  of  an  acid  in  them. 
No  proof  that       If  acids  alone  had  the  property  of  reddening  vegetable 
thiiisooai-     ^blue^,  we  should  not  hesitate  to  admit  their  existence  in 
g^^    ^         resins,  though  not  yet  otherwise  demonstrated  by  ex  peri* 
ment.     As  to  the  infusion  of  violets  not  being  reddened  by 
resins,  this  property  occurs  in  the  sublimed  acid  of  benzoin,, 
which  strongly  reddens  infusion  of  litmus,  but  does  not 
alter  the  colour  of  violets,  ^  HaA  this  acid,  notwithstanding 
Benzoic  acid    its  solubility  in  water,  some  analogy  to  resins?     On  this 
btnbd  with       ^^  retrain  trom  giving  a  decided  opinion  ;  yet  we  are  in- 
•ome  ratio,      dined  to  believe,  that  this  substance  is  a  compound  of  a 
vegetable  acid  and  a  stnall  portion  of  resin,  to  which  per- 
ProKablyitis    haps  its  solidity  is'  owing.     Finally,  as  all  the  vegetable 
a  character  of  acids  are  soluble  in  water,  it  is  difficult  to  ascribe  to  an  acid 
rodden  litmui.  ^^^^  property  in  resins  of  reddening  litmus.      It  appears 
more  proper  therefore,  to  consider  the  reddening  of  litmus 
as  a  character  of  resins,  till  fresh  experiments  have  proved 
the  contrarv. 
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SltmenU  of  Erperimenlat  Cheraislri/,  by   William  Henij'* 
Hb»R».  M.  D.   F.  R.  S.  Sfc.     Tke  tilli Edition,  grntly  clT^^'tV^ 
enlarged;   and  iUuilraled  toilh  Aiine  Plate*  eugrated  by 
LowftY.     2  po/f.  8i?o.  lua  p. 

jC  EW  of  our  cbemjcul  reoil^r*  can  he  Hni^jwaidled  with 
the  useful  irorlc  of  Dr.  H.,  tlial  fir.t  appealed  in  1800, 
uniler  the  title  of  uti  Epitome  of  CheiniDtrjr,  forminir  « 
voluDie  of  about  200  p,  in  Ifroo;  and  suhsequently  in- 
Orea^d,  through  successive  rditiotis,  ta  a  thit:k  Hvu,  Tlie 
unexampied  progress  made  in  the  science  of  chemiiiiry 
within  the  last  two  years  lias  rendered  budi  an  addition  of 
&«w  matter  neceseary,  that  the  bulk  of  the  presimt  edition 
ik  more  ibuu  duu>>le  that  of  the  last ;  and  aa  much  alleration 
iraa  requiaitc  on  the  Mine  account  iu  wliat  had  before  lieeu 
writteo,  tt  may  now  he  couaidered  almost  hh  a  new  ivoik.- 
Acinrdin);!;  the  author  has  altered  ils  lille,  to  render  it' 
ntore  appropriate  to  its  present  utate.  It  would  be  bujier* 
Suoiia  to  ^ay  oiore  of  its  merits,  than  thai  it  it  nurlhy  of  it* 
«uthor;  uud  of  u  work  to  luo){  befi>re  tlie  public  uothiii^f 
tuure  can  be  nece^anry,  than  tu  point  out  wliut  has  been 
done  in  the  preient  edition.  The  chapters  ou  Chemi- 
ral  Aflinityi  and  Htut  or  Caloric,  hnve  received  cupiou* 
i  til  rod  act  ions,  explaiuiog  their  tlieury  and  law^.  A,fttr 
the  ohapler  on  Water  Ibllows  one  entirely  new  on  tl>C 
Chemical  Aj^encies  of  Coinmou  and  GBlvunic  Electricity. 
Tiw.aualysia  of  the  tixed  alkalis 
■Ccott^nt  of  their  baaea,  render  the  chapter  m 
oliody  new;  and  utmly  tlie  game  muy  be  i' 
lowing  chapter  on  Karths.  The  chapter  oa 
Ma4  a  mere  enunicnition  of  their  chanicteric 
l«M  than  a  pa^e,  nuiv  very  advaniu^ouRly  < 
with  u  diHtjuisilion  on  their  nature  and  prfiperlieg.  1 
introduclion  to  chap,  viii,  on  the  Generu!  Properties 
^MeUlrit  ii  completely  rp«ritten,  iind  much  eularjied.  B 
and  the  Vegetable  Principles  nf  A-^parugus,  I 


i>  Alkalis  Dlmnf,t 
Bi,l  of  ihe  fol- 
Acids,  which 
lie  qunhties  in 


ro  tien  sections  I'd  ad* 

I  (iHatinc,  Albntnen, 
Bora  conpl. 
Indtxd  every  tdiaptef 
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tree  gunii  and  Etecninpaiie,  form  ti 
dition  to  chap.  six.  The  introdnc 
Animal  Substances;  the  sectioo^  oi 
«nd  Mucub;  and  chnp.  xsiv,  of  the 
Products,  may  be  considered  as  n 

in  Part  I  has  received  v«r^  considerable  mtdicione,  pBrti» 
quIbtIv  that  on  Vegetable  substances;  and  icarely  n  page 
nill  be  found  nithout  some  alteration  or  amendment, 
the  Sd  Part, of  the  work,  the  Analysis  of  Minerals 
Mineral  Waters,  and  in  the  3d,  the  Application  oF  Testk 
to  various  useful  Purposes,  much  lesx  was  to  be  doney 
yer  tLess  hute  not  been  left  tinimproved,  particalarlf  v0 
one  important  {loint,  the  detection  of  arfienic  in  persontf 
fM|iposed  to  hare  been  potwned.  In  an  Appt^ndix  are  givn|i 
all  tlie  discoverKS  in  chemistry,  that  occurred  dui 
prouress  of  the  work  throug;h  the  press,  even  up  to  tlinse  oP 
Mr.  Davy,  ifaut  are  to  appear  in  the  2d  part  of  the  Phil. 
Tmna.  for  the  present  year.  Five  or  six  new  tables  have* 
Se«i  added  to  the  useful  eolleciion  in  the  preceding  eilt^ 
tinti,  two  or  three  improved  ones  hove  been  substituted  fof* 
«ome  of  the  former,  and  o  few  necessary  corrections  hav*^ 
bean  made  in  others.  An  additional  plate  too  is  giveK* 
wo  that  the  series  now  comprehends  every  article  of  appttl' 
rutus  essential  to  the  pui-suit  of  eiperimf otal  chemistry. 


Inatl^een  Mr.   W.   Moore,  of  the   Royal    Military  Academy,    wiN 

fl'""*""'"* "'^ complete  in  the  yenr  IflU  a  Trtittise  on  the  Doctrine  « 
plied  lo  mill-    Fluxions,  with  it*  Application  to  hII   the  moat  useful  part 
ory  .nd  uml  „f  (he  True  Theoiy  of  Gunnery  ;  The  Motion  of  RockelH' 
*'^*''"'  indifierwl  McJiiims;    th«  Blowing  up   of   Bridget    foi 

titicntions,  fcc.  ;  and  aeventi  other  new  and  importan 
matters  counected  with  Military  and  N»val  Science.  Thi 
Flusiona  will  he  treated  in  the  moit  easy  manofr,  ihi 
the  Huhji-'t  mill  "dmii:  a«d  the  same  correct  principli 
observed  throiiniiout  the  performance;  a  thinjt  which  i 
Author  in  the  English  LanKu^ge,  that  I  um  acquainted  withj 
has  done.  The  whole  will  be  printed  in  1  Vol.  8ro,  am' 
vill  be  purliculHrlfadupted  for  M  Military  luslitutiaoi  f 
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to  a  late  report  made  to  the  Frtach  Emperor  on  the  FcrmancAt 
mrts  and  manufactorca  of  France  it  U  stated ,  that  a  grand  JiSoiiwliki 
improfemeot  has  been  made  in  calico  printing  by  the  di»-  Fnmo^ 
covery  of  a  permanent  green.    The  Englitth  are  represented 
««  iMMTfiig  offered  great  rewards  and  sought  ia  vain  for  this 
prooettt  which  France  has  Irnd  the  honour  of  discoveriogy 
and  the  adnmtage  of  which  she  alone  wi|l  enjoy.    It  is  aoir 
Qta^  two  yean  since  Mr.  Ilett  of  Stratford  took  out  a 
pateni  fir  a  mode  of  producing  permanent  greens  on  linen 
and  ootftoa  by  m  process  in  all  probability  the  same  as  that  prolMtIf  nf 
alladed  to  in  the  French  report;  for  the  English  journals,     ^^ 
\q  wh|io)i  Mr.  Ilett's  specification  was  given,  must  have 
made  his  process  known  in  France.    Shortly  after  the  ia- 
trodactioQ  of  Mr.   Ilett's  coloac,  we  understand  a  Mr* 
Thomson,,  a  calico  printer  in  Lancashire,  discovered  a  mode 
of  prodacing  a  permanent  green  on  lim>n  and  cotton  at  one 
applicBlioo,  by  a.  process  entirely  different  from  that  of  Mr* 
llettf  in  as  untehas  it  is  compatible  with  all  the  various 
systems   of  colours  afibrdied  both   by   madder*  and  weld. 
This  ia^  process  supplies  a  great  dcfsideratum  in  the  art  af 
mliro  printing,  and  it,  capable  of  extt jisive  upplitation. 
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AND 

THE    ARTS. 

SUPPLEMENT  TO   VOL.  iXFU. 

ARTICLE    L 

Researches  on  the  Oximuriatk  Add^  its  Nature  and  Cmi* 
binations ;  and  on  the  Elements  of  the  Muriaiie  Add^' 
fVitk  some  Experiments  on  Sulphur  and  Phosphorus^ 
made  in  the  Laboratory  of  the  Royal  InstiiutUm. 
Sy  H.  Davy,  Bij.  Sec.  R.  S.  Prof  Chem.  R.  /. 
Jr •  iv*  j9.  £.  *• 

X  HE  illastrious  discoverer  of  the  oxJmariatic  add  con-  Difcoirwy  of 
sidered  it  as  muriatic  i^cid  freed  from  liidrogen  f ;  and  theSS^*"**^ 
common  muriatic  acid  as  a  compound  of  hidrogen  and  oil* 
muriatic  acid;  and  on  this  theory  he  denominated  ozi* 
muriatic  acid  dephlogisticated  muriatic  acid* 

Mr.  BerthoUet  Xy  &  fe^  yesLra  after  the  discovery  of 
Schede,  made  a  number  of  important  and  curious  experi- 
ments on  this  body;  from  which  he  concluded,  that  it 
was  composed  of  muriatic  add  gas  and  oxigea ;  and  this 
idea  for  nearly  twenty  years  has  been  almost  nniversallj 
adopted* 

«  Philei.  Trans,  for  1810,  p.  S3].  Communicatad  to  the  Royyl 
Sodety  at  the  request  of  the  manageis  of  the  Royal  bstitutim. 
t  Mem.  Acad.  Stoddiolm  for  1774,  p.  iM. 
X  Journal  de  Phynque,  1785,  p.  3f  5. 
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Hidrogenpro-       Dr.  Henry,  in  an  elaborate  series  of  experimcn ts,  made 

inui^tic^id     ^^^^  ^^^  ^^^^  ^^  decomposing  muriatic  acid  gas,  ascer- 
fu-  tained,  that  ^idrog^a  was  produced  from  it  by  electricity  ; 

and  he  attributed  the  phenomenon  to  water  contained  in 
the  ga£*. 
Muriatic  acid         In  the  Bakerianlfcturc  for  1808  +,  I  have  gi?cn  an  ac. 
from  the  oxi-^  CQUSt  6i  the  actioa  of  potassium  upon  muriatic  acid  gas,  bj 
muriated  with-  which  more  than  one  third  of  its  volume  of  hidrogen  is  pro- 
duced;  and  I  have  stated,  that  muriatic  acid  can  in  no  in. 
stance  be  procured  from   oximuriatic  acid,    or  from  dry 
muriates,  unless  water  or  its  elements  be  present. 
Muriatic  acid         In  the  second  volume  of  the  M^moires  d'Arcueil,  Messrs. 
muc?water:     Gay-Lussac  and  Thenard  have  detailed  an  extensive  series 
oximuriatic  de-  of  facts  upon  muriatic  acid,  and  oximnriatic  acid.     Some 
onJy^Thidro.   ^^  ^^^^  experiments  arc  similar  to  those  I  have  detailed  in 
C^Q'  the  paper  just  referred  to ;  others  are  peculiarly  their  own, 

and  of  a  very  curious  kind:  their  general  conclusion  is, 
that- muriatic  acid  gas  contains  about  one  quarter  of  its' 
i^eightjof  water;  and  that  oximuriatic  acid  Is  not  decom- 
posable by  any  substances  but  hidrogen,  or  such  as  can 
form  triple  combinations  with  it. 
Charcoal  effects     Ose  of  the  most  singular  facts  that  I  have  observed  on 
nochange in     ^^g  subject,  and  which  1  have  before  referred  to,  is,  that 
charcoal,   even  when  ignited  to  whiteness  in  oximuriatic 
or  muriatic  acid   gas,  by   the  voltaic   battery,   efTccts  no 
^change  in  them  ;  if  it  has  been  previously  freed  from  hidro- 
.  'gen  and  moisture  by  iutcnse  ignition  in  vacuo. 
Existence  of         This  experiment,  which  I  have  several  times  repeated,  led 
muritSiadd''  *e  to  doubt  of  the  existence  of  oxigen  in  that  substance, 
questioned.       which  has  been  supposed  to  contain  it  above  all  others  in 
a'  loose  and  active  state ;  and  to  make  a  more  rigorous 
ifavestigation  than  had  hitherto  been  attempted  for  its  de- 
t^tion. 
Oximuriatic       '  If  oximuriatic  acid  gas  be  introduced  into  a  vessel  ex- 
acid  ^s  and      haunted  of  air,    containing  tin;    and    the  tin   be  gently 

the*li!^oro/     heated,  and  the  gas  in  sufficient  quantity;  the  tin  and  the 
Libayius, 

*  Philos.  Trans.  £i>r  1800,  p.  101 :  or  Journal,  4tu  series,  vol. 
iv,  p.  211. 
t  Journal,  vol.  xxiv,  p.  95. 

fas 


ielil 


*  yhjiphurui. 


(as  disapiiear,  and  3  limpid  fluJil,  preciai-lv  ih< 
Libaviut's  liquor,  is  formed.  It  occurred  to  me,  that  i{  this 
atibalance  u  a  cuDibiii.itiou  of  muriatic  acid  and  unide  of 
IIq,  oiide  of  liii  uught  to  be  separated  frum  it  hy  mtiaos  of 
BtniDunia.     I  admilliHl  amiDoniacal  gas  over  tnercury  to  Band  amtn 
MdaII  qiiaiility  of  the  liquor  of  Libayius  ;  it  was  absorbed  "[^^L^' 
with  great  hcal,  and  no  ga>  was  gcTicral;^] ;  a  solid  result  compoun 
Has  obtained,  which  was  of  a  dull  white  colour;  some  of 
it  was  heated,  to  ascertain  if  it  contaiucd  oxide  of  tin; 
but  the  whole  f  olallli^cd,  producing  dense  pungent  fumet. 

Another  experiment  of  the  tame  kind,  made  with  great 
care,  and  in  which  the  ammonia  was  used  in  great  excess, 
proTud  lliat  (he  liquor  of  Libafius  cannot  ^  decompounded 
hy  ammonia ;  but  that  it  forms  a,  new  combinaliou  witli 
this  substance. 

I  hare  described,  on  a  former  occasion,  the  nature  ef  Action  oi 
Iho  operation  uf  phosphorus  on  oximiiriatic  acid  ;  and  I 
hate  xlated,  that  two  compounds,  one  fluid,  and  the  other 
tolid,  are  formed  in  the  process  e(  cumbustigti ;  of  which 
the  firil,  on  the  generalt/  received  theory  of  Ilie  nature  of 
oiilmuriatic  acid,  must  bu  cun»idcretl  as  a  compound  of 
iDuriulic  acid  and  phosphorous  acid,  and  (ho  other  of 
muriatic  acid  and  pliosplioric  acid.  It  occurred  to  me,  tliat, 
if  the  acids  of  phosphorus  really  oiiisted  in  these  combina- 
tions, it  would  not  be  ilifUcuU  to  obtain  ihcm,  and  thus 
to  gain  proofs  of  the  esiistence  of  o.iigeu  in  uximuriatic 
acid. 

I  Kiadea  considcriiblo  quantity  of  the  solid  compouqd  of  Compound  of 
Qli muriatic  acid  and  phosphorus  by  combustion,  ""daatu-^j^^JJ^J]^ 
fated  it  with  ammouia,  by  heating  it  in  a  proper  recciTcr 
Ailed  with  ammoiiiacal  gas,  on   which  it  acted  with  great 
energy,  producing  mnch   heat;  and  they  for nieil  a  white 
opaque  powder.     Supposing  that  tins  subblancu  was  com- 
,posed  of  the  dry  murialo  and  phosphate  of  ammonia ;  as 
muriate  of  ammonia  is  very   volatile,  and  as  umtaonia  is 
driven  off  from  phosphoric  acid  by  a  heat  below  redness, 
I   conceived,    that,    by   ignitint;  the  product  obtained,  I 
■hould  procure  phosphoric  acid.     I   therefore  introduced  Tlir  result  not 
•erne  of  tlie  powder  into  a  tube  of  green  glass,  and  heated  ^'^'^'" 
it  to  redness,  out  of  the  contact  of  air,  liy  a  spirit  Jamp  ; 
Y  2  but 
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bnt  fuoad,  to  my  great  surprise,  that  it  was  not  at  aM 
volatile  or  ducoiriposable  at  this  tlfgree  of  heat,  and  that 
it  gave  olF  no  gaseous  matter. 

The  circum stance,  that  a  substance  compuscil  prind' 
pally  of  oxtmurialic  actd  and  ammonia  should  resist  de- 
cotnposition  or  change  at  so  hi^h  a  tempera  lure,  induced 
ine  to  pay  particular  altcotiun  (o  the  propcclics  of  (his  atw 
body. 
!'P(*peni«f  of  It  had  no  taste  nor  smell;  it  did  not  seem  to  be  soluble, 

I  thiscmpouiJ  „^,  ^ij  it  undergo  any  perceptible  change  when  digested 
in  boiling  water  :  it  did  not  appear  ta  be  acted  upon  by  suU 
phuric,  muriatic,  or  nitric  acids,  nor  by  a  slran;  lixiTinn 
of  potash.  Tli*  only  prucenscs  by  which  it  seemed  tus. 
c^ptiblc  of  decnmpostiion  vere  fumbustinn,  and  Iheac 
tiuD  of  ignited  bidrat  uf  potash.  When  brought  into  the 
flame  of  a  3|iirit  lamp,  and  made  rcd.hot,  it  Rave  feeble  in. 
dicalions  of  inHammation,  and  tinged  the  Dame  of  a  yellow 
colour,  and  It^ft  a  liKedacid,  haTJng  the  properties  of  phos« 
phoric  acid.  When  acted  on  by  red.hot  fiidrat  of  potash, 
it  amitted  a  smell  of  ammonia,  burnt  where  it  was  in  con. 
tact  wilh  air,  and  appcaretl  to  dissolfc  in  the  alkali.  The 
potAsh  wliich  had  been  so  acted  upon  gave  muriatic  add,  by 
the  addition  uf  sulphuric  acid. 

I  beated  some  of  the  powder  to  uhiteness,  in  a  tube  of 
platioa;  but  it  did  not  appear  to  alter;  and  after  ignition 
gave  aninonia  by  the  action  of  fused  hjdrat  of  potash. 
AnmoniiJon  I  caused  ammonia,  made  at  dry  as  possible,  to  act  on 
phosphu  retted  liquor  uf  Messrs.  Gay-Lussac  and 
D  the  sulphurettMl  muriatic  liquor  of  Dr. 
miiriiiit  iFid,    Thompson:  but  no  decomposition  took  place :  nor  wa> 

but  fotnis  new  "^   .  ,  .      ,  .       , 

c<>m|>ouii<j>  any  iniif'ate  of  ammonia  formed  when  proper  precautioni 
wiOttheio.  were  taken  to  exclude  moisture.  The  results  were  neir 
combinations;  that  from  the  phoEphurctted  liquor  Wat 
K  while  solid,  from  which  a  part  of  the  phosphorus  was 
•eparafcd  by  lieat,  but  which  seemed  no  farther  dccoiii> 
posable,  even  by  ignition.  That  from  the  sulphuretted 
liquor  was  likewise  solid,  and  had  larioiis  shadcsof  colour, 
from  a  bright  purple  to  a  golden  yellow,  according  as  it 
WM  more  or  lees  Htnraled  wilh  ammonia.  But  as  these 
compounds  did  sot  present  the  same  uniform  and  interett. 

in< 
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log  properties,  as  that  from  the  phosphoric  snblimate, 
1  did  not  eiamine  them  minutely  :  I  conteoted  myself  with 
ascertaining,  that  no  substance  known  to  contain  o^igeii 
conld  be  procured  from  oximurialic  acid,  in  thi»  mode  of 

It  lias  been  said,  and  taVrn  for  granted  by  many  cbfr- Oximuriat 
nisls,  that,  irhcn  oxiiauriatic  add  and  ammonia  act  upon  ""^  '"^  ^ 
each  other,  water  is  foimed,    f  hare  scTeral  times  made  mier  but  dry 
the  espcrimcnt,  and  I  am  conrinced  tiiat  this  b  not  the  """"^"^  "~ 
case.     When  about  15  or  16  parls  of  oiimariatic  acid  gas  ttogen. 
Are  mixed  irith  from  40  to45  parts  of  ammoniacal  gas,  there 
is  a  condensation  of  nearly  the  whole  of  the  acid  and  al- 
kaline gaucs,  and  from  5  to  6  parts  of  nitrogen  are  pro- 
duced ;  and  the  resall  is  dry  muriale  of  ammonia. 

Mr.  Cruickshank  has  shown,  that  oximurialic  acid  and  Action  aT  oab 
hidrogcn,  when  mixed  in  proportions  nearly  equal,  pro-"i^™*" 
duce  a  matter  almost  entirely  condcnsible  by  water*;  and 
Messrs.  Gay.Lussac  and  Thcnard  have  staled,  that  this 
matter  is  common  muriatic  acid  gas,  and  that  no  water  is 
deposited  in  the  operation,  I  haTc  made  a  number  of  ex. 
periments  on  the  action  of  oximnriatic  acid  gas,  and  hidro- 
gcn. When  these  bodies  were  mixed  in  equal  Tolnmes 
OTcr  water,  and  introduced  into  an  exhausted  ressel  and 
fired  by  the  electric  spark,  there  was  always  a  deposition  of 
a  slight  vapour,  and  a  condensation  of  from  -,g  to  ^'^  of  tb« 
volume;  but  Ihe  gas  remaining  was  muriatic  acid  gas.  1 
hare  attempted  to  make  the  experiment  in  a  manner  still 
more  refined,  by  drying  the  oximuriatic  acid  and  ihe 
kidrogen  by  introducing  them  into  vessels  containing  mnriata 
of  lime,  and  by  suffering  them  to  combine  at  common 
temperatnrcs ;  but  1  hare  never  been  able  to  avoid  a 
slight  conilensation  ;  though  in  proportion  as  the  gassca 
were  free  from  oxigen  or  water,  this  condensatioD  di- 
minished. 

I  mixed  together  sulphnrettcd  hidrogen  in  a  high  degree  Oximuiu tic 
of  purity  and  oximuriatic  acid  gas  both  drieil,  in  'fl""!  Ju'i''hu!rtti 
Tolnmes;  in  this  instance  the  condensation  was  not  ■^;h>drofm. 
lalphnr,  which  seemed  to  contain  a  little  oximuriatic  add, 

*  Journal,  4to  series,  toL  *,  p.  201  and  foil. 
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WM  formed  on  the  ftidet  of  tbe  Tetsel ;  no  Tapour  was  de« 

posited ;  and  the  residual  gas  contained  about  f^  of  nn* 

riatic  acid  gaS|  and  the  remainder  was  inflammable. 

Existence  of         Messrs.  Gay.Lussac  and  Thenard  have  proved   by  a 

water  in  mu-     copious  collection  of -instances,    that,   in  the  usual  cases 

Qucsiioiiable.     where  ozlgen  is  procured  from  oximnriatie  acid,  water  is 

always  present^  and  muriatic  acid  gas  is  formed ;  now,  as 

it  is  shown,  that  oxirouriatic  gas  is  converted  into  muriatic 

acid  gas  by  combtoing  with  hidrogen,  it  is  scarcely  possible  to 

avoid  the  conclusion,  that  the  oxigcn  is  derived  from  the 

decomposition  of  water,  and,  consequently,  that  the  idea 

of  the  existence  of  water  in  muriatic  acid  gas  is  hypo* 

thetical)  depending  upon  an  assumption  which  has  notA^et 

been  proved — the  existence  of  oxigen  in  oximnriatie  acid 

gu.     • 

Supposed  proof     Messrs.  Gay.Lussac  and  Thenard  indeed  have  stated  an 

of  it  doubtful,  experiment,  which  they  consider  as  proving,  that  muriatic 

add  gas  contains  one  quarter  of  its  weight  of  combined 

water.     They  passed  this  gas  over  litharge,  and  obtained 

so  much  water ;  bnt  it  is  obvious,  that  in  this  case  tbe^ 

formed  the  same  compound  as  that  produced  by  the  action 

of  oximariatic  acid  on  lead ;  and  in  this  process  the  mu« 

riatic  acid  most  loose  its  hidrogen,  and  the  lead  its  oxigen ; 

which  of  course  would  form  water ;  these  able  chemists, 

indeed,  from  the  conclusion  of  their  memoir,  seem  aware, 

that  such  an  explanation  may  be  given,  for  they  say  that 

t^c  oximuriatic  acid  may  be  considered  as  a  simple  body. 

Action,  onmu-     I^have  repeated  those  experiments,  which  led  me  first  to 

riatic  acid  gas,  ^^gpcct  the  existence  of  combined  water  in  muriatic  acid, 

of  moTpuryy  *  ' 

with  considerable  care;    I   find,    that,    when  mercury  is 

made  to  act  upon  1  in  volume  of  muriatic  acid  gas,  by 

Toltaic  electricity,  all  the  acid  disappears,  calomel  is  formed^ 

and  about  *5  of  hidrogen  evolved. 

With  potassium^  in  experiments  made  over  very  dry  mer^ 

cury,  the  quantity  of  hidrogen  is  always  from  9  to  11^  the 

volume  of  the  muriatic  acid  gas  used  being  20. 

tin,  end  sine.        And  in  some  experiments  made  very  carefully  by  my 

brother  Mr.  John  Davy,  on  the  decomposition  of  muriatic 

acid  gas  by  heated  tin  and  zinc,  hidrogen  equal  to  about 

lialf  its  volome  wJtt  diaoogafOfi},  and  metallic  muriates,  the 

same 
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■unc  ■■  IlioRO  produced  by  Ihi:  combustion  or  tin  and  stno 

in  oximurialic  gM,  rMaf(«t. 

.    It  is  cvidcitt  froRl  ihin  series  of  abserratioui,  that  Schecle's  Scheie's  h jpn- 

Tiew  (thoneli  obscured  by  Icnns  derired  from  a  Tsguc  ,[,^^'"^""'"^3"" 

anToundnl  i;cnera1  thtory)  of  the  natore  of  the  oximnriatic  Fieach. 

■nil  murijtic  arids  mnj  be  constdcvcd  as  an  expression  of 

£acts  ;  nhilc  the  liati  kdoptcd  by  the  French  gehool  of  chc.  t 

inialry,   and  nhich,  till  it  is  tnioutely  examiacd,  appears  so 

beautiful  and  eatisfactory,  tests,  in  the  present  state  of  our 

knowlwt^e,  u|iiin  hypothetical  grounds. 

When  o«imuriatic  acid  is  acted  opon  by  nearly  an  eqttal  OKimuriaiic 
Tuliime  of  hidrogcn,  a  cumbiiiatiao  takes  place  '•e'***"™',',  ["„,  mu^ 
Ihvm,  and  muriafic  acid  g^s  results.     When  muriufic  acidmiicaciiti  and 
gas  is  acted  on  by  tnerciity,  or  any  olhet  metal,  the  mU"""""' 
miiriiilic  add  is  aitractcd  from  the  hidrogen^  by  rhe  stronger 
■ffinity  of  the  metal ;  and  an  oximuriate,  exactly  simitar  to 
that  fumed  by  com  bust  ion,  is  produced. 

The  action  of  Hater  upon  those  compounds,  which  have  The  mnriatn 
been  usually  considered  ai  muriatt^s,  or  as  dry  mariatcs,  but^'?'?'"P"?'"* 
ithich  are  properly  combinations  of  oximuriatic  acid  witb  acid  with  in- 
Inflammable  bases,  may  bo  easily  enplaioed,  according  (o  ^^'|i™'''''= 
these  views  of  the  subject.     When  water  is  added  iu  certain 
qaantilics  to  Liliavius's  liquor,  a  solid  crystalliz^'d  uiuss  is 
ebtained,  from  which  oxide  of  tin  and  muriate  of  ammonia 
can  be  procured  by  ammonia.     In  this  case,  oiigcn  may 
be  conceived  to  be  iiipplicd  to  the  tin,  and  hidrogen  to 
the  oximuriatic  acid.  - 

The  compound  formed  by  burning  phospborns  in  oxi- Oximuriiriir 
Binriaiic  acid  is  in  a  similar  relation  to  water  !   if  that  sub.  ""'"'^  phw- 

pburuh 

Itaiicc  be  added  to  it,  it  is  resolved  into  two  powerful  acids ; 
oxigen,  it  may  be  supposed,  is  furnished  to  the  phosphorut 
to  form  phosphoric  acid,  hidrogen  to  the  oximuriatic  acid 
to  form  common  muriatic  acid  gas. 

None  of  the  combinalious  of  the  oximuriatic  acid  with  DilTerence  be- 
inflammable  bodies  can  be  decomposed  by  dry  acids;  «nd '"**"  muriiW* 
this  seems  to  be  the  lest  which  distinguishes  the  oximuriatic  riaiic  combU 
coniliinations  from  the  muriates,  iJiough  they  hayo  hitherto  "aiions. 
been  confounded  together.     Muriate  of  potash  for  instance) 
if  Mr.  Berthotlel's  estimation  of  its  composition  approachn 
lo«ud3  accuracy,  when  igoitcd,  is  a  compound  of  oximu- 
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riatic  acid  irith  potas*inm.     MarUto  of  aminonia  ii  a  conu 
pound  of  murUtic  acid  gas  and  ammonia;  and  when  aclud 
on  by  potassium,  it  is  decompoundtid;  the  oximurialic  acul 
may  be  conceived  to  combine  with  ihe  poUasium  to  forin, 
muriate  of  potash,  and  the  ammoDia  and  hidrogea  are  set 
free. 
TIe«t  and  )i|hi       The  Tivid  Combustion  of  bodies  in  oximuriatic  acid  gas, 
^"e"  "[.  '"    f  '*  ^"'  'iew,  appears  a  reason  why  oiigpn  should  be  ad- 
eomblnaiton      milted  in  il;  but  heat  and  light  are  morcly  results  of  theio- 
*^^  ''  tense  aiiency  of  combination.     Sulphur  and  metals,  alka- 

line earths  and  acids  become  ignited  during  their  mutual 
agency;  and  luch  an  efiecl  might  be  expected  iu  an  opera, 
lion  so  rapid  ai  tliat  of  oximuriatic  acid  upon  metals  and 
in  H am m able  bodies. 

It  may  be  said,  that  a  strong  argument  in  faToar  of  the 
hypolhetis,  that  oximu  riatic  acid  consists  of  an  acid  basis 
united  to  oxigen,  exists  in  the  general  analogy  of  Ihe  com., 
pounds  of  oxirauriatic  acid  and  metals  to  the  common 
neutral  salts.  But  this  analogy,  when  strictly  iuTcslifiatetl, 
will  be  found  to  be  Tery  indistinct ;  and,  cten  allowing  it, 
it  may  be  applied  with  as  much  force  to  support  an  opposite 
Vrwmvoi  doctrine,  namely,  that  the  neutral  salts  arc  compounds  of 
*'j'"'"P?"'i°"base«  with  water;  and  the  metals  of  bases  with  hidrogen; 

ot  nculrdl  sails,  or 

and  that  in  the  ca^e  of  the  action  of  oximuriatic  acid  and 

metals,  the  metal  furnishes  hidrogen  to  form  muriatic  acid, 

and  a  ba^is  to  produce  the  neutral  combination. 

Quintity  of  hi-      That  the  quantity  of  hidrogen  CTulied  during  Ihe  decom. 

iiofn  Bvo!v«l  position  of  muriatic  acid  gas  by  metals  is  thesame,  that  would 

■ci-l  by  mcuilc   he  produced  during  the  decomposition  of  water  by  the  same 

no  pmof  of  the  bodies,  appears,  at  first  Tiew,  an  evidence  in  fatour  of  the 

w™er.  existence  of  water  in  muriatic  acid  gas;  but  as  there  ii  only 

one  Icnown  combination  of  hidrogen  with  oximuriatic  acid« 

B        '  one  quantity  mast  always  be  separated,     Hidrogen  is  dii- 

B  engaged  from  its  oximuriatic  combination  by  a  metal,  in  the 

^L  fame  manner  as  one  metal  is  disengaecd  by  another  from 

^^^  ^milar  combinations;  and  of  all  inllammable  bodies  that 

^H  form  compounds  of  this  kind,  except  perhaps  phosphorus 

^B  and  sulphur,    hidrogen  is  that  which  seems  to  adtltire  to 

^r  dximuriatic  acid  with  the  least  force. 

■  haTC 
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1  have  caused  Etrong  explosions  from  an  declrical  jar,  to  Elniritiif  inut- 
^aM  tbr<nijh  oiimuriatic  gas,  by  means  of  points  of  pl*-"^'J 

for  si'veriil  bmirs  in  succession;  but  it  seemed  not  to 
unifergo  the  slightest  change. 

1  clcctrizi>d  llie  Dxiinurislcs  of  phosphorus  and  siilphumr  il 
for  some  hours,  by  the  power  of  the  Toltajc  apparatus  of''j^'^ 
1000  double  plates  ;  no  gas  separalud,  but  a  mltiulc  quan.^uip 
t  (J  of  hidrogen,  which  I  am  inclined  to  attribute  to  the 
pretcaci;  of  moisture  in  the  apparatus  employed;   for  I 
once  obtained  hidrogen  from  Libavius's  liqaor  by  a  similar 
aperafioi>;  but  1  hare  ascertained,  that  this  was  uwtng  (o 
the  decomposition  of  water,  adhering  to  the  mercury ;  and 
in  Bumc  lat«  experiments  made  with  ^000  double  plates,  in 
which  the  discharge  was  from  plalina  wires,  and  in  which 
the  mercury   used   for   confining   the   liquor  was   carefully 
boiled,  there  was  no  production  of  any  permanent  clastic 
natter. 

At  there  are  no  experimental  evidences  of  the  existence  of  What 
oiigen  in  OTimnrialtc  acid  gas,  a  natural  question  arises,  f 
conconiing  the  nature  of  those  componnds,  in  which  thcrii 
muriatic  acid  has  been  supposed  t->  exist  combined  wilh 
much  more  oxigen  than  oximuriatic  acid,  in  the  stale  in 
which  it  has  been  named  by  Mr.  Chcnerix  hyperoxigenized 
muriatic  acid. 

Can  the  oximuriatic  acid  combine  either  with  oxlgen  orDoao^^imi). 

hidrogen,  and  form  with  each  of  them  an  acid  compound;™''*'^"' 

of  which  that  with  hidrogen  has  the  strongest,    and  thatboiii  oxigi^n 

Willi  oxigen  the  weakest  affinity  for  bases?   fur  the  able""^ 'V''™*^? 

chemist,    to  whom    I    have  just  referred,   conceives,    that  muriatic  acid 

byperoiimuriates  arc  decomposed  bv  muriatic  acid.     Or,  is  "■''■"' of  « 
'•^  '  ■  »nd  the  mu- 

byperoximuriatic  acid  thi!  basts  of  all  this  class  of  bodies,  miic> 

the  most  simple  form  of  this  species  of  matter? 

The  phenomena  of  the  composition  and  decomposition  of 
(he  hyperoximuriates  may  be  explained  on  cither  of  these 
suppositions;  but  tliey  are  mere  suppositions  unsupported 
by  experiment. 

J  hare  endea  Toured  to  obtain  the  neutralizing  acid,  which  Viuucceui'ni 
has  lieen  imagined  to  be  hyperoxigenised,  from  hyperoii.^ 


nariate  of  potash,  by  * 


niformly  with,  nin 


|i«iit  success.     By  distilling  tho  salt  wilh  dry  boracic  acid, ' 
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tkoiigh  a  little  oximoriatic  acid  is  generated  f-  yet  oxigea  it 
the. chief  gaseous  product,  and  a  muriate  of  potash  not  dt* 
composable  is  produced. 

The  distillation  of  the  orange  coloured  fluid,  produced 
by  dissolving  hyporoximuriate  of  potash  In  sulphuric  add, 
aflfords  only  oxigcn  in  great  excess,  and  oximuriatic  acid. 
Facts unfarour-     When  Solutions  of  muriates,  or  muriatic  acid,  areelec« 
able  to  the  sup-  trizcd  in  the  ToUaic  circuit,  oximuriatic  acid  is  CToWed  at 
existence.         the  positifc  surface,  and  hidrogen  at  the  negatire surface. 
When  a  solution  of  oximuriatic  acid  in  water  is  electrized, 
oji^imuriatic  acid  and  oxigen  appear*  at  the  positiTC surface, 
and  hidrogen  at  the  negatlTC  surface ;  facts  which  are  cer- 
tainly unfarourable  to  the  idea  of  the  existence  of  hyper« 
oxigeniscd  muriatic  acid,  whether  it  be  imagined  a  com* 
pound  of  oximuriatic  acid  with  oxigen,    or  the  basis  of 
oximuriatic  acid. 
Hyperoximn-        If  ^^^  facts  respecting  the  hyperoximuriatc  of  potasb, 
tiate  of  potaith  indeed,  be  closely  reasoned  upon,  it  must  be  regarded  as 

probably  con-  ..'  ^'  .,  ,-..,. 

tatns  potassium  "<>^hing  more  than  as  a  triple  compound  of  oximuriatic 

more  oxided     acid,  potassium,  and  oxigen.     W^e  hare  no  right  to  assume 

'  the  existence  of  any  peculiar  acid  in  it,  or  of  a  consider- 

able  portion  of  combined  water ;  and  it  is  perhaps  more 

conformable  to  the  analogy  of  chemistry,  to  suppose  the 

large  quantity  of  oxigen   combined   with    the   potassium  ; 

which  we  know  has  an  intense  affinity  for   oxigen,   and 

which,  from  some  experiments,  I  am  inclined  to  believe,  is 

capable  of  combining  directly  with  more  oxigen  than  exists 

in  potash;  than  with  the  oximuriatic  acid,  which,  as  far  as 

is  known,  has  no  affinity  for  that  substance. 

DecomposUlon      It  is  generally  supposed,  that  a  mixture  of  oximuriatic 

of  hyperoximu- ^jj  j^^q  hyperoximuriatic  acid  is  disengaged,  when  hyper- 

by  muriatic       oximuriate  of  potash  is  decomposed  by  common  muriatic 

acid.  f^Q\^  j. .  5u(  I  201  satbfied  from  sereral  trials,  that  the  gas 

procured 

•  The  quantity  of  oximuriatic  acid  in  the  aqueous  solution  is  so 
small,  that  the  principal  products  must  be  referred  to  the  decom- 
position of  water.  This  happens  in  other  instances;  the  water 
only  is  decomposed  in  dilute  solutions  of  nitric  and  sulphuric  acids. 

t  If  h>  peroximuriate  of  potash  be  decomposed  by  nitric  or  sul* 
pburic  aaid,  it  affords  oximuriatic  acid  and  oxigen.    If  it  be  acted 

upon 


ON  THE   MUftlATIC   ACID    IM   ITS   DIFFBREXT   STATES.  53| 

procored  in  this  way,  when  not  mixed  with  oxigon,  unites 
to  the  same  quantity  of  hidrof^cn*,  as  common  oximuriatic 
acid  gas  from  manganese;  and  1  find,  by  a  careful  examination, 
that  the  gas  disengaged  during  the  solution  of  platina  in  a 
jnixture  of  nitric  and  muriatic  acids,  whioh  has  been  re* 
garded  as  hyperoximuriatic  acid,  but  which  I  stated  some 
years  ago  to  possess  the  properties  of  oximuriatic  acid  gasf , 
is  actually  this  body,  owing  its  peculiar  colouf  to  a  small 
<|uantity  of  nitromuriatic  vapour  suspended  in  it,  and  from 
which  it  it  easily  freed  by  washing. 

Few  substances,   perhaps,    hare  less  claim  to  be  con-  Oxiroumtlc 
iidered  as  acid,  than  oximuriatic  acid.     As  yoi  we  have  nQ^cidnot»nac«l, 
right  to  say  that  it  has  been  decompounded;  and,  as  its 
tendency  of  combination  is  with  pure  inflammable  matters,  but  possibly 
it  may  possibly  belong  to  the  same  class  of  bodies  as  oxigen,  ^  .^'^"^C  ^^'^ 

May  it  not  in  fact  be  a  peculiar  ac^difyin^  and  dissolringas  an  acidify- 
principle,    forming  compound^  with  combustible  bodies,  *^^  prm^uUe. » 
analogous  to  acids  containing  oxigen,  or  oxides,  in  their 
properties  and  powers  of  combination;  but  differing  from 
them^  ip  being  for  the  most  part  decomposable  by  water? 
On  this  idea  muriatic  acid  may  be  considered  as  having 

upon  by  muriatic  acid,  it  affords  a  large  quantity  of  oximuriatic 
acid  gas  only.  In  this  last  case,  the  phenomenon  seoms  mtToly  to 
depend  upon  tiie  decomposition  of  the  muriatic  acid  gas  by  thg 
oxigen  loosely  combined  in  the  salt. 

*  This  likewise  appears  from  Mr.  Cruickslunk's  experinicnts. 
Sec  Nicholson's  Journal,  Vol.  V,  4  to,  p  20t3. 

t  The  platina,  1  fmd  by  several  experiments,  made  with  great  The  platina 
care,  has  no  share  in  producing  the  evolution  of  this  gas.    It  is  ^^^  no  share  in 
formed  during  tlie  production  of  aqua  regia.    I'he  hidrogen  of  ^^^  "^*"^     ** 
the  muriatic  acid  attracts  oxigen  from  the  nitric  acid.    Oximu- 
riatic acid  gas  is  set  free,  and  nitrous  gas  remains  iu  tiie  solution, 
and  gives  it  a  deep  red  colour.    Nitrous  acid-  and  muriatic  acid 
produce  no  oximuriatic  acid  gas.     Platina,  during  its  solution  in 
perfectly  formed  aqua  regia,  gives  only  nitrous  gas  and  nitrous  va- 
pour; and  I  find,  that  rather  more  oximuriatic  acid  gas  is  pro- 
(duced,  by  heating  together  equal  quantities  of  nitrid  acid  of  1*45, 
and  muriatic  acid  of  1*18,  when  they  are  not  in  contact  with 
platina,  than  when  exposed  to  that  metal.    The  oximuriatic  acid 
gas,  produced  from  muriatic  acid  by  nitric  acid,  I  find  combines 
'With  about  an  equal  volume  of  hidrogen  by  detonation. 

hidrogen 
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Ibidrogen  for  its  basij,  and  ozhirariatic  acid  for  its  udMjlng 
principle.     And  the  phosphoric  snblimate  as  haTing  phoa. 
phorus  for  ita  basis,  and  oximnriatlc  add  for  its  acidifjing 
matter.     And  Libavius's  liqnor,   and  the  compounds  of 
arselHc  with  oximariaUe  add,  may  be  fcgaided  as  analogooa 
bodies.     The  combinatiooB  of  oximnriatlc  add  with  lead^ 
iilvcr,  mercury,  potassium,  and  sodium,  in  this  Tiew  would 
be  considered  as  a  class  of  bodies  related  more  to  ozldea 
ihan  acids,  in  their  powers  of  attraction. 
Cbemic*!  no-        It  is  needless  to  take  up  the  time  of  this  learned  sodetj 
mudature  re*  w  dwelling  upon  the  imperfection  of  the  modern  nomen. 
yeml  change,    dature  of  these  substances.     It  is  In  many  cases  connected! 
with  false  ideas  of  their  nature  and  composition,  and  In  a 
more  adranced  state  of  the  inquiry  it  will  be  necessary  for 
the  progress  of  sdence,   that  it  should  undergo  material 
alterations^ 
Conpoynds  of      It  Is  extremely  probaMe,  that  there  are  many  combina* 
^  iliaii^rai!  ^^"*  of  the  oximuriatic  acid  with    inflarai^ble  bodiets 
bleMibstances.  which  haTe  not  yet  been  iuTestigated.     With  phosphorus 
H  seems  capable  of  combining  in  at  least  three  proq^orlioM; 
the  phosphuretted  muriatic  acid  of  Gay.Lussac  and  Thenavd 
Is  the  compound  containing  the  maximum  of  phosphorus. 
The  crystalline  phosphoric  sublimate,  and  the  liquor  formed 
by  the  combostion  of  phosphorus  in  oximuriatic  acid  gas, 
disengage  no  phosphorus  by  the  action  of  water;  the  subli, 
mate,  as  I  have  already  mentioned,  affords  phosphoric  and 
muriatic  acid;  and  the  liquid,  I  belicTe,  only  phosphorous 
acid  and  muriatic  acid. 

The  sublimate  from  the  boracic  basis  giyes,  I  beUcre, 
only  boracic  and  muriatic  acid,  and  may  be  regarded  as 
boradum  addified  by  oximuriatic  acid. 
Their  decom*  It  is  CTident,  that,  whenerer  an  oximuriatic  combination 
portion  by  is  decomposed  by  water,  the  oxide,  or  acid,  or  alkali,  or 
to  the  porpor-  oxidated  body  formed,  most  be  in  the  same  proportion  as 
tions  of  ele-      ^^^  muriatic  acid  gas.  as  the  oxigen  and  hidrogcn  most  bear 

meiits  m  ox-  o     j  c^  o 

kics,  actdt,  and  the  same  relation  to  each  other ;  and  experiments  upon 

alkaline  earths,  these  compounds  will  probably  afford  simple  modes  of 

ascertaining  the  proportions  of  the  elements  in  the  different 

oxides,  acids,  and  alkaline  earths. 

If 


r 
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If,  according  (o  the  ingenious  idea  of  Mr.  Dallon,  hidro.  Wcieli'"'f  ^"f- 
gen  be  considered  as  I  in  weiglit,  io  ihc  pro|iortton  >t ,"  i!itJ! "°"" 
exists  in  naler,  then  oliigm  will  be  nearly  7  5;  and  m- 
SUining  Ihat  putasfa  is  composed  of  1  prnportiun  of  oxi- 
gen,  and  I  of  potassium,  tlivii  puU^h  will  be  48,  and  po. 
tassiiitti*  abutit  40-5;  and  from  an  experiment  vbich  I 
haie  detailed  in  (fie  last  Bakerian  lecture,  an  the  combns. 
tion  uf  putassium  in  tnuTiatic  acid  gas,  onmuriatic  acid 
will  lie  represented  by  32'0,  and  muriatic  acid  gas,  of 
canine,  by  33*9;  and  this  cflimaliun  agrees  nith  the  spe- 
Ci&c-graTity  of  oxiinuriatic  acid  gas,  and  muriatic  acid  f;as. 
From  my  cifieriiiictils,  100  cabical  inches  uf  oximuriatlc 
aciil  gas  wwgh,  the  reductions  being  made  for  the  ncan 
lenperature  and  pressure,  74*5  grains;  whereas  by  esFi- 
■nation  tkey  should  weigh  74'6.  Muriatic  acid  gas  1  find 
weighs,  under  like  circumstances,  in  the  quantity  of  KK) 
cubic  ittches,  39  graias ;  by  eatiraatiun  it  should  weigh 
38-4  grains. 

It  is  easy  from  flie«e  data,  knowing  (he  eompnsitian  of 
kny  drf  muriate,  to  ascertain  ihe  quantity  of  oiidu  or  of 
acid  it  would  furnish  by  the  action  of  »ater,  and  canse. 
guentif  the  quantity  of  ontgcn  with  ntikh  t^c  iaflaniinable 
natter  will  coEBbine  f. 

la 

«  Sapposing  potasK  l9  contain  neaily  15'G  percent  of  I)^igen. 

-f  I  have  stdlcil  in  (fac  last  Bakerian  lecture,  that,  during  (Iir 
decwnposilian  of  the  wnalgaiti  from  ammonia,  I  iii  vi>luiiie  of 
ludtqgea  (o  2  of  aiBinotiia  i^  evolved :  it  iiiMniarkable,  tlwt  what- 
ever theory  uf  the  nature  of  this  extraordinary  compuuiKl  be 
adopted,  there  will  be  a  happy  coincidence  as  to  deflnite  propor- 
Uoni.  If  it  Ue  supposed  that  the  hidrt^en  arises  from  the  dccow- 
poalion  J^  walir;  then  IIht  oxigen,  that  niust  be  aisuined  to  exist 
in  anvniMiia,  will  be  exacliy  suffideut  to  neutnliae  (he  bidro- 
gen  In  an  ei)iial  vohime  of  muriatic  add ;  or  if  it  be  sijid,  that  am- 
RKNiium  is  a  compound  of  2  uf  atnuwDJa  and  1  of  hidrogen  in  vo> 
luine,  llicn  equal  volumes  of  muiiatic  acid  gas  and  aoiinonia  will 
produce  the  laiue  oompound  as  oxiniuriatic  acid  and  aiumonium, 
euppojifig  tbey  could  be  immediately  conihloed.  I  oooe  thought, ModiAcil  phi* 
thattbe  plienomcna  of  metallization  might  be  explained  accord-B""= 'h«of«. 
itig  to  a  modified  phlogistic  theory,  by  wpp^iiig  three  di/Terent 
daaet  of  metalUe  bodies :  Firat,  the  metal  of  ammoaia,  in  which 
Iddngeo  wai  so  loosely  combiaed  as  to  b«  separable  witli  great 


nature  uf  the 
GDOtpOUnil  of 


produce  cprnpoiinds  differing  consiikrabl^   in   d^reo    of' 
voUt'Aity. 

I  caonat  conclude  the  subject  of  the  application  of  liioM 
doctrines,  without  asking  permission  to  direct  the  atlentiwt 
of  ihc  Society  to  sume  of  the  Iheurelical  relations  of  the 
facts  noticed  in  the  preceding  pages. 

That  a  body  principally  composed  of  oximuriatic  ad^ 
and  ammonia,  two  substances  which  hare  been  generallji  | 
conceived  incapable  of  existing  together,  should  be  so  difs. 
iciJiindim-  ficalt  of  decomposition,  as  to  be  scarcely  aH'eclcd  by  anf 
of  the  agents  of  chemistry,  is  a  phenomenon  of  a  | 
fcctty  new  kind.  Three  bodies,  two  of  which  are  per^-, 
manenl  gases,  and  the  other  of  which  is  considerably  TOlaia 
tile,  form,  in  this  instance,  a  substance  neither  fusible  nof 
volatile  at  a  white  heat.  It  could  not  hare  been  expected^ 
that  ammonia  would  remain  fixed  at  such  a  lemperMuref 
but  that  it  should  remain  fixed  in  combination  with  oxU'^ 
muriatic  acid  would  hare  appeared  incredible,  according 
to  all  the  existing  analogies  of  chemistry.  The  experi- 
ments, on  which  these  concliislans  are  founded,  are,  haw« 
ever,  unifofm  in  their  results;  and  it  is  easy  to  repeat 
Complexity  of  them.  They  seem  to  show,  that  the  common  chemical  pro.  . 
composition  not  pjj J jjjgj,^  jl^^j  complexity  of  composition  is  uniformly  can>' 
«d  with  ficUiiy  nected  with  facility  of  decomposition,  is  not  well  founded. 
otdetompoii-  The  compound  of  oximuriatic  acid,  phosphorus,  and  am. 
monia,  resembles  ao  oxide,  such  as  silcx,  or  thiitof  colum. 
bium  in  its  general  chemical  characters,  and  is  as  refrac> 
tory  when  treated  by  common  reagents;  and  except  by 
the  effects  of  combustion,  or  the  agency  of  fused  potash, 
its  nature  could  not  be  detected  by  any  of  the  usual  methods 
of  analysis.  Is  it  not  likely,  reasoning  from  these  circum- 
stances, that  many  of  the  subtttances,  now  supposed  to  be 
elementary,  may  he  reduced  info  simpler  forms  of  matter? 
And  that  an  intense  attraction,  and  an  equilibriam  of  ata 
traction,  may  give  to  a  compound,  containing  sercral  coa- 
elilueols,  that  refractory  character,  which  is  generally  aU  . 
tributed  to  unity  of  constilutiou,  or  (o  the  homogenoouf.  I 
nature  of  its  parts? 
Othercom-  Beside  the  compound  of  the  phosphoric  sublimate  a 

fMiadt  of  ihe  ammoota,  and  the  other  analogous  compounds  which  hatm  j 
!^""""  heea   , 


been  referred  to,  it  i)  probable,  tliat  other  cimpQQnds  of 
like  nature  may  be  formed  of  ilie  oxides,  alluili*,  and 
earthi,  with  the  uximuristic  com bi nations,  or  of  the  ojti- 
moriatic  com  poll  D(li  with  each  other  i  an  J  should  this  ba 
tbe  cdse,  the  more  refined  analoi;it;s  of  chemical  philonopbf 
will  be  extended  by  these  new,  and,  as  it  would  sceni  at 
firet  Tjew,  contradictory  facts.  For  if,  u  I  haTC  JaJd,  "h'th  J| 
vxiniuriatic  acid  gas  be  referred  to  the  same  class  of  bodies  ^iih  uVi 
at  oxigra  gas,  then,  as  oxriccn  \s  not  aa  add,  but  forms 
acids  by  combining  with  certain  In&ammable  bodies,  so 
onmnriilii:  acid,  by  uniting  to  similar  substA»««,  niiiy  be 
eoBCeiTed  (o  form  either  adds,  which  is  the  cjue.vhen  it 
combines  with  hidrogcn,  or  compounds  like  acids  or  oxidei, 
capable  of  forming  neutral  combinations,  ai  in  (lie  in. 
Rtancea  of  the  oximuriales  of  phosphorus  and  tin. 

Uke  Oligen,  oiimurtalic  acid  is  attracted  by  the  politiTe 
■nrfacc  in  roltaic  combinations ;  and  un  the  hypotbe«is  of 
the  connection  of  chemical  attraction  with  electrical 
powers,  ali  its  energies  of  combination  currsspolul  with 
thofte  of  a  body  supposed  to  be  negatite  in  a  high  dqfree. 

And  in  most  of  its  compounds,  Fxcept  those  contuotaf 
the  alkaline  metals,  which  may  be  concdred  in  the  faigliMl 
degree  positive,  and  the  metals  with  which  it  fonnt  lli> 
•olablc  compounds,  ii  seems  still  to  retain  it*  negatiro  cha- 
racter. 

(To  be  concladldin  oMrneti.) 


ObtervaHont  upon  Luminotf  AmmaU.    Bj/  J.  lUc^KTaxi-t 
E*q.  CommmiaUedlff  i^yuiAAoHoMt,  Etq.F.  R.X,' 

1,  HE  property,  which  cerUln  aulmal*  pottet*  of  eauUiagv 
light,  is  lo  curious  and  intctatilnf,  that  It  bas  attract43d  'he|^ 
Bttentioa   of  naiaralliti  hi  all  age*,     tl  was  particularly  it 
noticed  by  Aristotle  and  Pliny  asiong  the  andentx ;  nDd 
the  pnblicattum  of  the  different  learned  tocietiet  in  Europe 

,,  •  Pbilo(.TraM.falAto,  p.  3SS. 
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The  authcir  has 
long  studied 
thcuiy 

and  received 
Tal  liable  com- 
munications 
from  Sir.  J. 
Bankfv 


eimtaitt  nvmerotis  momoirs  upon  the  sabject     NotiwIA-' 
ttandtfig  the  degree  of  regard  Bestowed  apoa  the  history  o( 
hS'eof'oI!^*  laminMS  awimute,  k  is  still  very  imperfect;  the  power oi 
yery  imperfect,  prodndnf  \if^  »ppeti«  to*  bsre  bees  Bttributed  to  sereral 
eieatures  which  do  not  possess  It ;  «ome  species,  which  en- 
foj  it  to   81V  cmineiit  degree,  .h»re  been  ittperfiectlj  de* 
ecribed,  or  Entirely  imobserredc  the  organs  which  -afibrd 
^    . .      the  light  in  certain  mnimalft  hare  not  b^en  examined  by  dis- 
section;'  amthtftly,  the" explanations  that  hare  beeq  girea 
of  the  pbciwwnena  of  animal  light  are  nnsatisfactor}',  and 
in  so««  hsalMiiim  pafpably  erroneous. 
-  Ab  tli»8«bjeet  fbnn»  an  iateresting  part  of  the  historj^ 
of  organiiei  beings,  I  hare  for  sonve  years  availed  myseli^ 
of  •  saek  ^pportnnities  as  occurred  for  its  inivstigBtion. 
Hariag  coaMnttnicatcd  the  rcMilt  of  Boime  of  my  nseanehea 
•o  Iftt^llfghe  notionrabVe  Sir  Joseph   Baolcs,  he  inulic. 
jliati^  #iarcd  me  his  assistance  with  that  liberality,  which 
sd-Mblnently  disttngnishes  him  as  a  real  lorer  of  science. 
Fam  IMebted  to  him  for  an  insiiection  of  the  valuable  jour- 
nal ha  kopt  darings  his  voyage  with  Captain  Cook ;  for  per- 
fO' copy  the  original  drawings,  in  his  possession^  of 
IbmHions-  aniawihi  discovered  iir  both  the  voyages  of 
Ca^k  ;  aad  for'Some  votes  npon  thehimioous  appearance  of 
tMe'sea,  thatipereprtseated  to  him  by  Captain  £[orsburg^ 
whose  aeevracy  of  observatioA  is  already  known  to  this 

Isarifed  SocfetyV    ^  ^  ^-M 

In  the  following  paper,  I  shall  first  examine  the  grounds 
o#  which  "tliS  property  of  sliotring  light  has  been  ascribed 
tO'  c^n^afn  apimnls,  that  either  do  not  possess  it,  or  in  which 
it»existence  is  qpestionable.  I  shall  next  girve  an  account  of 
soinfe  lamfaaoa  species^'  bf  which  some  have  been  inac^^ 
ruratdy  desMbe^"  anil  ^hets  quiie  nnknowa.  I  shalf  )en. 
deavour  to  explain  from  my  own  observations,  and  the  in. 
fortmtlaiK  comaMiaksalei  to  me  by  others^  many  of  the 
circumstances  atteridiof  the-htrnkions  appearance  of  the  sea. 
i  shall  thaift  deserlHfc  tba  organs  ompfoyed  for  the  produc* 
tion  of  figfttki  certaia  species^  wxd  lastfy,  I  shall  review 
thd'  opiniona  which  have  been  entertained  respecting  the 
nature  and  original  of  animal  light,  and  relate  the  experi«^ 
menfs  I  have  made  for  the  purpose  of  elucidating  this  part 
6f  'the  subjects 

Tba 
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The  property  of  emitting  liglit  has  beea  reported  to  be*  Laminousnets 
long  to  several  fishes^  more  particularly  the  mackarel,  ^^^^^^^to 
aoonfish  (tctraodon  mola),  the  dorado,  fnuHet,  sprat^  &c.  ccitaln  fishes ^ 

Mr.  Bajon  obserred  during  the  migration  of  the  dors* 
does,  &c.,  that  their  bodies  were  covered  with  luminous 
points.  These  however  proved  upon  examination  to  be 
minute  spherical  particles,  that  adhered  to  the  surface  of 
these  fishes;  and,  he  adds,  appeared  to  be  precisely  the 
same  sort  of  points,  that  illuminated  the  whole  of  the  sea 
at  the  time.  They  were  therefore  in  all  probability  the 
minute  kind  of  medusa,  which  I  shall  have  occasion  to 
describe  hereafter. 

Godcheu  de  Riville  states,  in  a  paper  sent  to  tlie  Aca« 
demy  of  Sciences  at  Paris,  that,  on  opening  the  scomber 
pclamis  while  alive,  he  found  in  difiercnt  parts  of  its  body 
an  oil  which  gave  out  much  light :  but  it  should  be  obserred, 
that  Riville  had  a  particular  theory  to  support,  for  which 
this  fact  was  very  convenient ;  and  that  other  parts  of  his 
memoir  bear  marks  of  inaccuracy.  It  may  be  added,  that, 
if  the  oil  of  fishes  were  usually  luminous,  which  Riville 
supposed,  it  would'  be  almost  universally  known,  instead 
of  resting  on  a  solitary  observation. 

As  far  as  I  am  able  to  determine  from  what  I  have  seen,  (but  no  fishes 
the  faculty  of  exhibiting  light  during  life  does  not  belong  ^ ^eU^^O 
the  class  of  fishes.     It  appears  probable,  that  some  fishes  ' 

may  have  acquired  the  character  of  beiug  luminous,  from 
evolving  light  soon  after  death. 

Some  species  of  lepas,   murcx,   and  chama,   and  some  to  some  venae^ 
starfish  have  been  said  to  possess  the  power  of  shitting;  and 
the  assertion  has  been  repeated  by  one  writer  after  another^ 
but  without  quo4in|p  any  authority. 

firugueire  upon  one  occasion  sawj,  as  he  supposed,  com*  earthwormt ; 
mon  earthworms  in  a.luminoua  state;  all  the  hedges  wer^ 
filled  with  them ;  he  remarked,  (hat  the  light  resided  prinu 
cipally  in  the  posterior  part  of  the  body*. 

Fiaugergnes  pretended  to  have  seen  earthworms  luminous 
in  three  instances;  it  WM  at  each  time  in  October;  the 

«  Joumal  d'Histoire  Nstui^Ie^  Tom.  IL 
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body  shone  at  erery  part,  but  most  brilliantly  at  the  ge» 
nital  organs*. 

'  Notwithstanding  this  concurrence  of  testimony,  it  is 
ticxt  to  impossible!  that  animals,  so  frequently  before  our 
eyes  as  the  common  earthworm,  should  be  endowed  with 
so  remarkable  a  property,  without  etery  person  haTing 
obserTcd  it.  If  they  only  enjoyed  it  during  the  season  for 
copulation,  still  it  could  not  hate  escaped  notice,  as  these 
creatures  arc  usually  found  joined  together  in  the  most  fre- 
quenteil  paths,  and  in  garden  walks, 
the  vaterflcij  In  different  systems  of  natural  history,  the  property  of 
shining  is  attributed  to  the  cancer  pulcz.  The  authorities 
for  this  opinion  are  Hablitzl,  and  Thules  and  Bernard.  The 
former  obserred  upon  one  occasion  a  cable  that  was  drawn 
up  from  the  sea  exhibit  light,  which  upon  closer  inspection 
was  percciTcd  to  be  covered  by  these  insects  -f-.  Thules  and 
Bernard  reported,  that  they  met  with  a  number  of  this 
species  of  cancer  on  the  borders  of  a  rirer  entirely  aumi. 
AonsJ;.  I  am  ncTcrtheless  disposed  to  question  the  iumi. 
nous  property  of  the  cancer  pulcx,  as  I  have  often  had  the 
animal  in  my  possession,  and  nerer  perccired  it  emit  any 
light. 
and  (he  itcolo-  The  account  giren  by  Linneus  of  the  scolopendra  phos. 
pendnphot*  phorea  is  so  improbable  and  iooonsistent,  that  one  might 
'  be  led  to  doubt  this  insect's  ezistence,  particularly  as  it 

does  not  appear  to  hate  been  erer  seen,  except  by  Ekeberg, 
the  captain  of  an  East  Indiaman,  from  whom  Linneus  learnt 
its  history* 

I  now  proceed  to  the  descriptioD  of  those  luminous  ani* 

auils,  tiiat  hate  been  lUscorered  by  the  Right  Honourable 

Sir  Joseph  Banks,  Captnin  Horsburg,  and  myself. 

Tiro  himinout      On  the  passage  from  Madeira  to  Rio  de  Janeiro,  the  sea 

Tf^r'dT^  was  obserred  by  Sir  Joseph  Bftnks  to  be  unusually  luminous, 

SirjlkMikcT     flashing  In  ttaoy  parts  tik^  lightning.    lie  directed  some  of 

the  water  to  be  hauled  up,  In  Which  he  discorered  two  kinds 

of  animals,  that  occasioned  the  phenomenon ;  the  one,  a 

*  Jouraal  dc  Physique,  Tome  XVI. 

t  Hablitzl  ap.  Pall.  n.  Nord.  Be>tr.  4,  p.  39^. 

i  Journal  dc  Physique,  Tome  XXVI 11. 
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crniUccoas  insect,  which  he  called  the  cancer  fulgcni;  (lie 
other,  a  large  species  of  medusa,  to  which  he  gave  th4 
name  gf  pelluceni. 

Thecanrcrfulgcns  bears  somercsemblucelo  thecommoBCmcn  ful^^'m. 
shrimp  ;  it  is  however  coosiderably  losi>.  The  Jegi  are  far> 
nished  with  iiumerous  ticlx.  The  li^ht  u(  Ui«  animal, 
which  is  very  brilliant,  appears  to  it^sue  Train  ever;  pkri  of 
the  body,  S(!e  it  1*1.  IX,  &g.  I,  of  the  natural  ti^o,  knii 
majinified  at  lig.  2> 

The  medusa  pelliicens  mcasyrcs  about  a'lx  inchr^  acroM^Miu*  pHlu- 
the  cruwn  or  tinibelU;  thii  part  is  marLt^d  by  a  numlier  of  <^'-'"*' 
opake  lines,  that  pass  oH'  from  the  centre  to  the  circum- 
ference. The  edge  of  the  iimbelia  is  djTidcd  into  lohulcs, 
which  succeed  each  other,  one  large  and  two  soia!)  ones 
alternate!}'.  From  within  the  margin  of  the  umbelta  there 
arc  suspended  a  number  of  long  cord.shapcd  (cntacula. 
The  central  part  of  the  animal  is  opake,  and  furnished 
with  four  thick  irregularly  shaped  proceeses,  which  hang 
down  in  the  midst  of  the  lentacqla.     Sec  6g.  3. 

This  zoophyte  is  (he  most  splendid  of  the  luminous  inha. 
bilants  of  the  ocean.  The  flashes  of  light  emitted  during 
its  contractions  are  so  virid,  as  to  aSl'Ct  the  sight  of  (h« 
spectator. 

In  the  notes  communicated  to  Kir  Joseph  Banks  by  Cap-  fihining  of  <h« 
tain  llorsbnrg,  he  remarks,  that  the  luminoHS  sUte  of  tiier°  '•^""* ' 
sea  between  the  tropics  is  generally  accompanied  with  the htor>biii|[ 
appearance  of  a  great  number  of  marine  animals  of  rarious 
kinds   upon    the  surface   of  the  water:   to  many  of  which 
he  does  nut,  huwcTcr,  attribute  the  properly  of  lihiiiiDg. 
At  other   times,   when   the  water  which  ga?i-  out  light  wui 
examined,  it  appeared  only  to  contain  tmali  particles  of  ft 
dusky  straw  coluur,    which   dissolved  with  the  slightest 
loudi  of  the  finger.     He  likewise  obserres,  that  in  (torn* 
bay  during  the  hot  wi'ather  of  May  and  June,  he  has  (tp- 
qucntly  seen  the  edges  of  the  sea  mudi  illuminated  by  mi. 
nulc  sparkling  piiinii. 

At  sunrise,  on  April  13,  1798,  in  the  Arabian  sea,  he  i.umiitnus 
perceifed  scTcral  luminous  spots  in  the  watcc,  which  con. f^'^"" 
cciving  (u  bu  animal.'^,  he  went  in  the  boat  and  caught  ono. 
It  proicd  to  be  aa  insect  somewhat  rusembliug  lu  appuar- 


34» 


OBSEETATIONS   ON   LUMINOUS   ANIMALS. 


Another. 


Bothmono- 
culi 


Luminous 
▼ennes  disoo- 
▼ered  by  the 
author.  - 


Minute  lumU 
liousmedusB 
described. 


anee  tbe  woodlonse,  ftod  was  about  one  third  of  an  inch 
in  length.  When  Tiewed  with'  the  microscope,  it  seemed 
to  be  formed  by  sections  of  a  thin  crustaceoos  substance. 
Daring  the  time  that  any  fluid  remained  in  the  animal,  it 
shone  brilliantly  like  the  fire  fly. 

In  the  month  of  June  in  (ho  ^amc  year,  he  picked  up 
anotfier  Inihinous  insect  on  a  sandy  beach,  which  was  afsb 
coTered  with  a  thin  shell,  but  it  was  df  a  diflercnt  shape^ 
and  a  larger  size  than  the  animal  taken  in  the  Arabian  sea. 
By  comparing  the  abore  description  with  an  elegant  pea 
and  ink  drawing,  which  was  made  by  Captain  Horsburg, 
and  accompanied  his  paper,  I  hare  no  doubt,  that  both 
these  insects  were  monoculi;  the  first  eridently  belongs  to 
the  genus  Hmulus  of  Muller;  I  shall  therefore  beg  leave 
to  distinguish  it  by  the  name  of  lithulus  noctilucus. 

My  pursuits,  and  the  state  of  my  health,  having  fre- 
iquently  led  me  to  the  coast,  I  hare  had  many  opportunities 
of  making  obserrations  npon  the  animals,  which  illuminate 
our  own  seas.  Of  these  I  hare  discorered  three  species : 
one  of  which  is  a  beroe  not  hitherto  described  by  authors ; 
another  agrees  so  nearly  with  the  medusa  hemispherica, 
that  I  conceire  it  to  be  the  same,  or  at  least  a  Tariety  of 
that  species;  the  third  is  a  minute  species  of  medusa, 
which  I  belicTe  to  be  the  luminons  animal,  so  frequently 
seen  by  navigators,  although  it  has  never  been  distinctly 
examined  or  described. 

I  first  met  with  these  animals  in  the  month  of  October 
1804,  at  Heme  Bay,  a  small  watering  place  upon  the 
northern  coast  of  Kent.  Having  observed  the  sea  to  be  ex« 
tremely  luminous  for  several  nights,  I  had  a  considerable 
quantity  of  the  water  taken  up.  When  perfectly  at  rest, 
no  light  was  emitted,  but  on  the  slightest  agitation  of  tho 
Tessel  in  which  the  water  was  contained,  a  brilliant  scin. 
tillation  was  perceived,  particularly  towards  the  surface; 
and  when  the  vessel  was  suddenly  struck,  a  flash  of  light 
issued  from  the  top  of  the  water,  in  consequence  of  so 
many  points  shining  at  the  same  moment.  Whco  any  of 
these  sparkling  points  were  removed  from  the  water,  they 
no  longer  yielded  any  light.  They  were  so  transparent, 
that  in  the  air  they  appeared  like  globules  of  water.     They 

wcro 


"wvrc  more  minutt;  than  tlie  head  of  the-smalle«t  pin.  Upos 
tha  iVightett  toiitb,  Uivy  brake  and  Tiinislieil  from  Die 
higbt.  llnving  btntmei!  a  qniLHtfty  «f  the  laiuinoiis  »«(«/■, 
»  gttat  number  of  ihcsc  'traiispamtt  ourpuscle^  were  ulfe 
taincil  upon  ihe  cloth;  and  ihe  wakT,  which  had  been 
'[I'uincd,  did'iiat  aflerwHrtl  exhibit  the  le»3t  Vglit.  1  then 
put  Gome  sot.  water,  thut  btul  been  rundcrvd  pantcttlMly 
clear  by  repeatud  fillmliuiu,  into  a  lurge  glass;  atid 
hariug  floalcil  in  it  i  finctilolh,  on  which  1  had  prcviou^y 
eolietiled  a  auraber  of  lutmncus  poinN,  seyeral  of  them 
-were  liberated,  and  Wcaiiic  dit.iiiictlj'  lisible  in  (hiir  na. 
tural  eloBicnl,  ^  plaoiiig  the  ^ahu  befsrenykce  of  dark 
coloured  papur.  They  were  observeil  to  haiv  n  tundeiicy 
to  come  to  (ho  gurfaca  of  the  water,  and  after  the  glass 
was  Set  by  for  some  itinic.  (hey  were  fouad  congregated 
together,  aud  when  thiM  eotlectod  hi  a  body,  lliey  bad  a 
tliuky  straw  colour,  allhongh  iadividusHy  litey  were  so 
transparent,  as  to  be  perfectly  invisible,  except  under  peir- 
ticuiar  circumstancea.  Their  subslancc  was  indtud  so  ex. 
tremely  tender  and  delicate,  that  they  did  not  become 
«pa<jii«  in  diMitled  vtncgBT  or  alceltol,  u^til  immersed  is 
4hcsc  liquors  for  a-conuderaMe  ttna. 

On  cxamiaiog  these  minute  gls4)uk«  wilh  iJie -microscope, 
]  found  that  titey  were  not  quits' perfect  sphefes,  bujt  Itftd 
an  irregular  dcprebsiou  on  otic  side,  which  was  furmeil  of 
an  opa«|iis  ^abetaiM^c,  t^iat  ^oje«ted  a  litCtcway  iawardt, 
producing  stu-h  an  appearance  as  woi»ld  arise  ftoia  tying 
the  neck  of  a  round  bag,  and  turning  it  into  the  body. 

Thu  motions  of  thi-^e  creatures  in  the  water  wfre  slofw 
«td  graceful,    and  not  arcouipanied  by  any  Titible  ron-       .^^ 
traction  of  (heir  lioiliw.     After  death  thej'  a.\<^a^e^Au\>4i0 
to  the  bottuni  of  iku  vi-8sd.  .    ^ 

From  the  sfarklin^  light  a€orded  by  this  species,  I  sball  Mftdim 
4lislingui«h  it  by  the  name  *f  medusa  ecitttillans.  .      "'   "'" 

The  night  foliow'mg  thai,  on  which  1  discovered  the  pff- Bumc- : 
■£«din^  aainial,  1  rcaa^ht  the  two  other  Iuhuuohs  specief. 
One  of  tbcte  I  shaU  cadi  t^c  beroe  fulgon^. 

-    -This  nott  degant  crisature  is  of  a  colour  changing  be- d.^Bflb 
:twcen  purple,  Violet,  and  pale  blue;  the  body  is  iruncal^d 
"feeforc,  and  pointed  behind  ^  but  the  form  is  difUcult  to 
absifiB, 
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ittfgti,  as  U  is  TtirM  by  psHM  comtraetloiis,  tt  Hm  «iif. 
nil's  pleMiirs.  I  limTe  rtpirescntied  the  two  eitrem^s  of 
form,  that  I  hare  teen  tliis  creatare  assume:  the  first  ift 
-tfbmeirhatthat  of  a  cocamhei*)  which,  at  being  the  one  it 
takes  when  ht  rett,  shotild  pedMps  be  considered  as  its  pro* 
fnt  Aai>e:  the  other  resuftibies  a  pear,  and  is  the  iignre  it 
basin  tile  most- oontraeted  state.  The  libdy  is  hollow,  oir 
fbrms  internally  an  infimdlbtttar  caf  ity,  which  has  a  wide 
opening  before,  and  appears  also  to  kvfe  m  snfall  aperture 
posteriorly,  through  which  it  discharges  its  ezeremenf. 
The  posterior  two  thirds  of  the  body  are  ornamented  with 
eight  loogitndinal  ciliated  ribs,  the  processes  of  which  «rb 
kept  In  such  a  rapid  fotatory  motion,  while  the  animal  is 
swimmtng,  that  they  appear  like  the  eontinnal  passage  of 
a  fluid  along  the  ribs.  The  ciliated  ribs  hare  been  descriiied. 
by  Professor  Mitchell  as  arteries,  in  a  lominoas  lieroe^ 
which  I  suspect  was  no  other  than  tlie  sjpecies  I  am  now 
giring  an  account  of^ 
Lis^t  emitted  When  the  beroe  fulgens  swam  gently  near  the  surface  cf 
^y  ^^'  the  water,  its  Whole  body  became  tiocaslonaliy  Illuminated 

in  a  slight  degree;  during  ifs  contractions,  n  stronger  Kglrt 
issued  from  the  ribs,  and  when  a  sadden  shock  was  conu 
Innnicated  to  tiie  water,  in  which  scTeral  of  these  animals 
weris  phiced,  a  ritid  flash  was  thrown  out.  If  the  body 
were  broken,  the  fragments  continued  luminous  for  some 
seconds,  and  behig  rubbed  on  the  hand,  left  n  light  like 
that  of  phosphorus ;  this  howerer,  as  well  as  erery  other 
ipode  of  emitting  light,  ceased  after  the  death  of  the 
inimal. 

Hcm'tsphsrictl      The  hemispherical  species  of  medusa,  that  I  discorered, 
eic4asa,  |^  ^  ^^^  H^j^^  purple  colour.     The  largest  that  I  found, 

pleasured  about  three  quarters  of  an  inch  in  diameter.  Tltn 
laargin  of  the  nmbelhi  was  undirided,  and  surrounded  in^ 
tesnidly  by  a  Mw  of  pale  brown  spots,  and  nnmerona 
small  twisted  tentaouhi:  four  opaque  lines  crossed  in  aa 
trched  manner  from  the  circumference  towards  the  centre 
of  the  animal :  an  opaque  irregular  shaped  process  hung 
down  from  tlie  middle  of  the  nmbella^  when  this  part  was 
examined  with  a  lens  of  high  powers,  I  discofered  that  it 
ir«l  inclosed  in  a  aheath  In  which  it  mored^  and  that  tlm 

extremity 
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CKlrcmity  of  the  process  was  diciUed  into  four  tcnUcul^, 
Cuvered  willi  liltle  cups  ur  Kuckcrs,  iike  tiiwse  od  Ute  tciw 
taenia  of  the  cutlled^Ii. 

Bpeciec  of  meilusi  bears  a  strikJag   refemblaacc  te  RLfcmblet 
the  &gur«ti  of  the  incduRa  heinUpherkti,  published  by  Gro-  I,^,Tius'anii"*^ 
sandMullcr;  indeed  it  diff«r>  u  litlle  from  ihete  fi- Muilei. 
,  as  (bey  do  from  eacb  other.     lu  lumimius  properly, 
hovpcTcr,  was  not  obserrcil  by  theeo  nataralists;  vhich  is 
extraordinary,  as  Muller  examined  it  at  night, 
and  nays  it  is  lo  Iransparmt,  that  it  can  un'y  be  seen  with 
(be  light  of  a  lamp.      If  it  should   be  tlill  considered  ai  a 
distinct  Rpecica,    or  as  a  >.iricly  of  the  hemisphcrica,    I 
would  propose  to  call  it  the  nicdnsa  liicida. 

In  this  ipccics,   the  centval   part  and  the  spot  round  the  ^tiMlf  nf  iji 
margin  are  commonly  seen  lu  shine  on  liftinj;  the  animal     '""I' 
out  of  the  water  into  the  air,  presenting  the  appearance  of 
I  illuminated  whcd;  and  when  it  is  exposed  to  the  uiual 
perciifiiion  of  the  water,  the  transparent  parts  of  its  body 

In  the  mt>nth  of  September  1805,  I  ag-iin  Ti^iled  Ilernc  The^c  ammali 
_Bay,  and  Ireqiicrilly  had  opportunities  of  witnessing  He'^'™"'^'""" 
I  appearance  of  the  i^ea.  I  cau|;li(  many  of  theihc  leawh'O 
hemispherical  and  minute  specica  of  medusa,  but  nut  ^>ne''"^^"°" ''**» 
of  the  bcruo  fulgens.  I  obseried,  that  theM  liiminuiK,hiii<-iud>7- 
animalt  always  retreated  from  the  surface  of  the  water,  as''^''*' 

I  found  al)o,  that  exposure  to  the 
■Uy  light  took  away  their  properly  of  shining,  which  wu 
rorived  by  placing  ihem  for  some  lime  iti  a  dark  situation. 

it  >ea»on  1  had  two  opportunities  of  seeing  an  e&  t-3'gp  Ris\ta 
tended  UIumiiiatiuD  of  (he  sea,  produced  by  the  above  aok.  "'  ';£!"  °?  "i" 
jnals.  The  first  ni^bt  I  saw  this  singular  phunuuienun  ww 
rxtremely  dark,  many  of  the  medusa  scintillans,  and  mts- 
dusa  homispherica  had  been  observed  at  low  water,  but  on 
<hc  retain  of  the  tide,  they  h.id  suddenly  disappeared.  On 
-looking  lowartls  the  sea,  1  was  aiionUhed  to  perceive  a 
flash  of  light  of  about  cix  ymds  broad,  eltrnd  from  the 
■fhorr,  for  apparently  the  disl^iiice  of  n  mile  and  x  half 
dllong  the  surface  of  the  water.  Tbe  second  timo  that  I 
ii  sort  of  light  procc4-d  frora  the  sra,  it  did  ikiI  l:ike 
llie  (U)(i  form,  but  was  diffused  oter  the  lurfacs  of  (he 


wa?«i  next  tiie  shore,  «id  was  so  strong,  tbat  I  could  for 

^M  moment  distibdily  see  ray  servant,  who  stood  at  a  little 

distance  from  me;  he  also  perceived  it,  and  called  (onttiO 

Bie  at  the  same  instant.    On  both  these  occasions  the  flash 

was  Tisiblefoi^  alio«t  fonr  or  fiTesecondsj  and  altho«gh->f 

'   n^atched  for  it  d  considerable  time,  I  did  not  see  it  repeated. 

Diffused  la-  A*  dlffitsed  Ittttiilioiis  appearance  of  the  sea,  in  some 

minous  ap-      respecls  ditlerent  from  what  I  hare  seen,  has  been  described 

pcarance  of  the  ^  ,        . 

Of  seT^ral  na?  igators. 


Godehen  de  Rivllle  saw  the  sen  assume  the  appearance  of 
n  plain  of  snow  on  the  coast  of  Malabnr  *. 
Other  similar        Captain  Horsburg,  in  the  notes  he  gave  to  Sir  Joseph 
appearaocei  at  Quoks,  says,  there  is  n  peculiar  pheaomenon  sometimes 
^net.  eeen  within  a  few  degrees  distance  of  the  coast  of  Malabar, 

during  the  rainy  monsoon,  which  he  had  nn  opportunity 
of  obserrtng.     At  midnight  the  weather  was  cloudy,  and 
<he  sea  was  particnlariy  dark,  when  suddenly  it  cldinged  to 
m  white  laming,  colour  nil  nrouod.    This  bote  no  resem- 
blance to  the  sparkling  or  glowing  appearance  he  had  ob- 
ierfod  on  other  occasions  in  seas  near  the  equator,  but  was 
.  .    A  regular  white  colour,  like  milk,  and  did  not  coDtinne^ 
morn  than  len  minutes.     A  similar  phenomenon,  he  says, 
.    is  frequently  seen  in  the  Bamda  sea,  and  is  Tery  alarming  *tb 
^ose,   who  ha?e  never  perceived  or  heard  of  such  an 
nppcarance  before. 
Strildngtii-  This  singular  phenomenon  appears  to  be  explained  by 

funceof  this  gone  obserfutions  communicated  to  me  by  Mr.  T^ngstaff, 
meiMD,  i^fQii^eon  in  the-dty^  who  formerly  made  scTeral  voyages. 
In  going  from  New  Holland  to  China, ^  about  half  an  hour 
after  sunset,  every  person  on  board  was  a^itonishcd  by  u 
.milky  appearance  of  the  sea:  the  ship  seemed  to  be  sur. 
rounded  by  ice  covered  with  snow.  Some  of  the  company 
•opposedihey  were  insonndings^  and  that  a. coral  bottom 
gave  this  cniions  'reAectioo,  but  on  sounding  with  70  fa« 
thoms  of  Une;  no.  Iiottom  was  met  with.  A  bucket  of 
water  being  banled  op,  Mr.  Langstaff  examined  it  in  the 
dark,  and  discovered  a  great  number  of  globuia  r  bodies, 
each  about  the  size  of  a  pin's  heady  linked  together.     The 
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cTiainttEius  formed  diil  not  exceed  three  incbcs  in  Icngtii, 
and  emitted  a.  pale  pho^iphoric  lighl.  By  introductng  his 
hand  inio  the  water,  Mr.  LangstufF  raised  npon  it  screral 
ehaint  of  the  liimrtimis  glKbiiles  ;  which  u-orc  separated  b^ 
opening  the  fingers,  bat 'readily  reunited  un  being  bniiight 
Kgnin  into  contact,  lilce  globnl<-s  of  quicksilver.  The  gto- 
liulni,  he  lays,  wereso  trans[urent,  that  ihey  could  not  bo 
perceived  when  the  hand  was  taken  into  the  tight. 

his  extraordinary  appearancu  of  the  fea  h'bs  tieible  for  *hl«h  C6nti- 
two  nighti.  As  .00..  as  the  moon  exerted  her  influence,  ""^^^^b^ 
sea  changed  toils  natural  dirk  colour,  and  exhibited  K'udi-HjiiieA 
distinct  glittering  points,  as  at  other  times.  The  P^ieno- ligi't.'*  """*"" 
nonon,  he  says,  hud  never  been  witnessed  before  by  anjr 
ef  the  rompany  on  board,  although  some  of  the  crew  had 
been  two  or  three  times  round  the  globe. 

I  consider  this  acconnt  of  Mr-  LangstalT  very  interesting 
Ud  important,  as  it  proves,  that  iho  diffused  lighl  of  the 
sea  is  produced  by  an  atsciublagc  of  minute  medusa:  on  the 
turfacc  of  the  water. 

JnJunelWC,   I   fuuntl   the  sea  at  Margate  more  richly  Number  of  thr 
■tored  with  the  small    luminous   mcdusx,   thin  1  have  ever '""'"""""'"J* 
icen  it.      A   tiurket   of   the   water   being  set   by  for  some^t  Mue^tiF. 
time,   the  animals  son|;ht  the  surface,   and   kept  up  a  COR> 
4nnal  sparkling,   which  must  hare  been   occasioned  by  the 
motions  of  individuals,  as  the  walci-  uas   perfectly  at  rest. 
A  small  quantity  of  ihc  luminous  water  was  put  into  a 
^ass  jar,  and  on  standing  some  time,  the  medusx  collected 
Kt  the  top  of  the  jar,  and  formed  a  gelatinous  mass,  one 
Ihcb  and  a  half  thick,  and   of  a  rcddiah  or  mud  colour, 
leafing  the  water  underneath  perfcclly  clear. 

In  order  to  asccrlain  if  these  animals  nnald  materially  Tiicy  did  dm 
allEr  their  size,  or  assume  the  figure  of  any  other  '"»*>*'>  ^|^'^^'"™' 
■pecies   of  medusa,    I   kept  them  alive  for  35   days,  byihciriUain 
carefully  changing  the  water  in  which  they  were  placed  j****^' 
daring  which  time,  although  they  appeared  as  vlgoruutat 
-when  first  taken,  their  form  was  not  in  the  slightest  degree 
Altered,  and  their  size  but  little  incrt.iscd.     By  this  expcri. 
nent  I  was  confirmed  in  the  opinion  of  Ihcir  being  a  distinct 
Ipecics,  as  the  young  aciiniz  and  medusa;  oxliihil  the  form 
,  of  the  parent  in  a  raucb  (bortcr  period  t)i»n  the  above. 


^4§  OWERTATIOJfS  OV  hVUtKOUU   kntUkXSi 

Beroe  fuigem        In  September,  1800, 1  took  at  Sandgate  a  onmber  of  tta 

effiiioaifiiefl.  beroe  fulgeof,  bot  no  other  tpeciet:  thqr  were  of  varioas 

dimensioDs,  from  the  fall  size  down  to  that  of  the  nedua 

•datillaat:   they  could  howeter  be  clearly  diitinguiahed 

from  the  Utter  species,  by  their  figure* 

Medusa  scjntit-     Since  that  time,  I  have  frequently  met  with  the  medas* 

pwti^sf  our^^  sdntillans  on  different  parts  of  the  coast  of  Sussex^  at  Teabyi 

cjtsts.  and  at  Milford  haren.    I  haTe  likewise  seen  this  spedes  in 

the  bays  of  Dablin  and  Carlingford  in  Ireland* 

yembwr  of  the     In  the  month  of  A  pril,  last  year,  I  caught  anumber  of  the 

rifc|hL°'*    beroe  f  ulgens  in  the  sea  at  Hastings :  they  were  of  Tarione 

sizes,from  about  the  half  of  an  inch  in  length,  to  the  balk  of 

the  head  of  a  large  pin.   I  found  many  of  them  adhering  to» 

gethcr  in  the  sea ;  some  of  the  larger  sort  were  coTered  with 

small  ones,  which  fell  off  when  the  animals  were  handled  ; 

and,  by  a  person  unaccustomed  to  obserro  these  creatures, 

would  haTe  been  taken  for  a  phosphoric  substance.    On 

putting  a  number  of  them  into  a  glass,  containing  dear  sea 

water,  they  still  showed  a  disposition  to  congregate  upon 

Csuie  of  the     the  surface.    I  obsorred,  that,  when  they  adhered  together, 

oif^oonn     ^^^y  showed  no  contractile  motion  in  any  part  of  thdr  body, 

which  explains  the  cause  of  the  pale  or  white  colour  of  the 

and  of  the        diffused  light  of  the  ocean.    The  flashes  of  light,  which  I 

H^"^         saw  come  from  the  sea  at  Heme  bay,  were  probably  pro. 

duced  by  a  sudden  and  general  effort  of  the  medusae  to  sepa. 

rate  from  each  other,  and  descend  in  the  water. 

Medusa  sctntiU      The  medusa  sdntillans  almost  constantly  exists  in  the 

'm V^  h"^  i°  different  branches  of  Milfonl  haren,  that  are  called  pills.     I 

hare  sometimes  found  these  animals  collected  in  such  vast 

numbers  in  those  situations,  that  they  bore  a  considerable 

proportion  to  the  Tolume  of  the  water  in  which  they  were 

conUined:  thus,  from  a  gallon  of  sea  water  in  a  luopinoas 

state  I  bare  strained  aboTe  a  pint  of  these  medusae.     I  huTe 

found  the  sea  under  such  drcumstances  to  yield  me  more 

support  in  swiumiiiig,  and  the  water  to  taste  more  disagree* 

Probably  affect  ably  than  ttsual ;  probably  the  difference  of  density,  that 

lhe  density  of    |,j^  |,^„  remarked  at  different  times  in  the  water  of  the  sea, 
tne  ica.  -  ^ 

may  be  referred  to  this  cause. 

The  most  fre-        All  my  own  obscrTations  load  me  to  conclude,  that  the 

qucntsoucce  ofJQQ(|^s2gcintiila^s  IS  the  m OS t  frequent  source  of  the  light 

ttic  lutniaous-  _  '  •  _ 

Q  of 
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ttf  the  ica  around  this  country;  and  by  coinparing  the  ac-ncsof  thxe*. 
CoUQti  of  others  with  each  other,  and  with  what  1  haie  my-  "^^^  ** 
telf  seen,  1  am  persuitdml,  that  it  is  so  likcwi§u  in  olherparttitiuu  by  lomei 
«f  the  world.     Many  obscrrcra  appear  to  have  mislaken""'' j"™"*"^ 
tbis  species  for  the  nereis  noctiiaca,    which  was  tery  natu.  wu™  noi'awuc 
tural,  as  they  were  prcpossrsseil  with  the  idea  of  the  frc-"*^''"  luiurc. 
fnent  axistencc  of  the  one,  anil  had  no  knowledge  of  the 
Other.     Some  natigators  hare  actually  described  thisspecics 
«f  medusa,  withiitit  being  awareof  ils  nature.     Mr.  Bajoii, 
dariiifc  his  royagc  from  France  to  Cayenne,  collcrted  many 
luminous  points  in  the  sea,  which  he  says,  when  examined 
by  a  lens,  were  found  to  be  minute  spheres.     They  disap- 
peared in  the  air.     Doctor  Le  Roy,  in  sailing  from  Naples 
to  France,  obserred  the  sparkling  appearance  of  the  ica, 
which  is  tiniaHy  produced  by  the  medusa  scintillans.     By 
titering  the  water,  he  separated  luminous  panicle!  from  il, 
^hich  be  preserved  in  spirit  of    wine:  they  were,  he  sayg, 
like  the  head  of  a  pin,  and  did  tiot  at  all  resemble  (he  ne. 
•riinoctiluca,  described  by  Vianeiti;  their  colour  approach- 
td  a   yellow  brown,  and  their  substance  was   extremely 
lender,  and  (vajtllc.     Notwithstanding  this  striking  resem- 
blance to  the  medusa  scintillans,  Le  Roy,  inconsequence 
cf  a   precoiicciTcd  theory,  did  not  suppose  what  he  saw 
Irero  animals,  but  particles  of  an   oily  or  bituminous  aa. 
ture*. 

The  minute  globules,  seen  by  Mr.  Lnng<ilafr  in  the  In. 
2!au  ocean,  were,  I  think,  in  all  probability,  the  scintiL 
tatfng  species  of  medusa  :  and  on  my  showing  him  some  of 
fhese  animals  I  hare  priiierTeU  in  spirits,  he  entertained 
tbeiameopinion. 

Professor  ^fltchell,  of  >fcw  York,  found  the  Inmiaons 
appearance  on  the  coast  of  America,  to  be  occasioned 
by  minute  animals,  that,  from  his  description,  plainly 
pialonged  to  thb  species  of  medusa,  notwithstaodiuf 
Vltfch,  be  supposed  them  to  be  a  number  of^the  nereis 
nuctilaea  f. 

'     •  Obicrv.  iu^Sme  rumi^«  proJuite  par  L'Eau  de  la  Mer.  Mf  m, 
'  JBtrang.  dcs  Sc. 

t  Phil.  Mag.  Vol.  X.  p  so. 
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Th«  lumfaiQiis       The  luminous  aoimalGule,  discoTered  by  Forster  off  tlie 
ffjff*^       Cape  of  Good  llopc,  in  hit  Tojragc  round  the  worid^  beari 


so  stronga  resemblance  to  the  medusa  scintUlanSy  that  I 
much  disposed  to  belieTe  them  the  same.  He  describef  hit 
animalcule  .-is  being  a  little  gelatinous  globule,  lest  than  tha 
lead  of  a  pin ;  transparent,  but  a  little  browniA  in  its  co« 
lour;  and  of  so  toft  a  texture,  that  it  was  dettroyed  bj  tho 
tlightett  touch.  On  being  highly  magnified,  heperceiTed  oa 
one  tide  a  depression,  in  which  there  was  a  tube  that  past* 
ed  into  the  body,  and  communicated  with  four  or  five  inccs* 
tinal  sacs.  The  pencil  drawings  he  made  on  the  spot  are  in 
the  possession  of  Sir  Joseph  Banks,  by  whose  permbsion 
engravings  from  them  are  subjoined  to  this  paper.  By  com- 
paring these  with  the  representations  of  the  medosa  tela* 
tillans,  and  some  of  this  species  rendered  Tuible,  by  being 
a  long  time  preserved  in  spirits,  which  I  have  laid  before  this 
learned  society,  it  will  be  found,  that  the  only  difference 
between  Fortter*s  animalcule,  and  the  medusa  sdatillaQs,  it 
in  the  appearance  of  .the  opaque  parts,  shown  ia  the  micro* 
sco^ic  views; 
Lrnninoosness  Many  writers  have  ascribed  the  light  of  the  sea  to  other 
BLoiid^<«cirib^  causes  than  luminous  animals.  Martin  supposed  it  to  be 
«d  to  tvious  occasioued  by  putrefaction  :  Silberschlag  belicTed  it  to  be 
phosphoric :  professor  J.  Mayer  conjectured,  that  the  sur* 
face  of  the  sea  imbibed  light,  which  it  afterward  discharged. 
Bajon  and  Gentil  thought  the  light  of  the  sea  was  electric, 
because  it  was  excited  by  friction.  Forster  conceiTed,  that 
it  was  sometimes  electric,  sometimes  caused  from  putrefac* 
tion,  and  at  others  by  the  presence  of  lifing  animals.  Fouge- 
roux  de  Bondaroy  bolicYcd,  that  it  came  sometimes  from 
electric  fires,  but  more  frequently  from  the  putrefaction  of 
marine  animals  and  plants. 

I  shall  not  trespass  on  the  time  of  the  Society^  to 
refute  the  above  speculations ;  their  authors  have  left 
them  unsupported  by  cither  arguments  or  experiments,  and 
theiy  are  inconsistent  with  all  ascertained  facts  upon  this 
subject. 

(To  b€  concluded  in  our  mti.) 


W.  Note 
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III. 

iVo^c?  oi<  the  Waiet  amiuined  in  fu$€d  Sodu.    By  Mr*  J. 

£.'Bb»aed*, 

•  ■ 

J^R.  d'Arcct  had  found,  that  pnre  all^alij,  after  bdog  Water  in  wdai 
fused,    contained  water,    and  he  estimated  the  quantitjr*^^^"^^^ 
in  soda  as  high  as  38  per  cent  +•     An  analysis,  which  I 
made  some  time  after  in  a  dtfierent  mode,  gate  me  bnt- 
18-86. 

The  result  of  Mr.  d'Arcct  is  founded  on  the  analysis  of  Mr.  d'Arcet 
the  subcarbonate  of  soda.     For  this  salt  too  he  has  giren  ^'l^'^JJ^^. 
proportions  different  from  those  I  found ;(:.    Not  know,  carbonate  of 
ing  the  particulars  of  Mr.  d' Arcet's  experiments,  I  ascribed  f^J^th^"* 
the  difference  .q£  our  results  respecting  the  water,  in  sodaa^uthor, 
to  the  difference  in  these  proportions.     In  confirmation  of 
his  opinion  howcier,  he  has  just  published  these  expert* 
ments;  and  has  made  seTcral  objections  to  my  method  of  a^nd  makes 
analysing  the  subcarbonate,  which  I  shall  endeayour  to^^"^^'^^ 
]remo?e. 

He  considers  the  solution  in  acids  aa an  inaccurate  mode;  two  objections. 
1st,  because  the  solution  retains  carbonic  acid :  2dly,  be* 
cause  the  gas  evoired  carries  off  water  with  it. 

It  may  be  pbserTcd,  that,  these  sources  of  errour  being  These  erroum 
opposite  in  their  effects,  they  in  great  measure  counteract ^^^^^halanca 
each  other:  but  we  shall  see  what  is  their  extent.     The  The  Ar^t^niust 
temperature  amounts  at  mpst  to  30^  [C8^F],   when  the^^^  ^^'^1 
carbonate  decomposed  by  the  acid'is  ajrcady  in  solution,     ^  ^^^^""^ 
Now  at  this  temperature  wat^r  under  the  pressunB  of  the 
atmosphere  alone  would  not ..  dissqUe  any  thing  like  its 
own  bulk  of  carbonic  acid  .gu.     But  this  quantity  may 
be  wholly  neglected,  when  we  consider,  that  a  Uirgc  exb 
ceifs  of  sulphuric  add  is  added,  and  the  solution  strong!/, 
ahaken. 

>• 
*  Annales  de  Chim.  vol.  Ixxii,  p.  06. 

t  Ann.  de  Chim.  vol.  Ixviiij  p.  175  ;  or  Journal^  p.  31  of  the 
present  vol. 

{  For  the  component  parts  of  differ^t  salts  by  Mr.  Berard  see 
Jeimal,'  vol.  3aLvi/  p.  SOO. 

As 


iSt  QCTAstrrrr  or  watcr  nr  RTttD  uitfA* 

and  tiM  aune  is     As  to  the  water  carried  off  hj  the  gas,  when  the  eiperl^ 

tae  of  thm  se-  nenc  »  performed  with  due  caotion  in  proper  Tessels^  the 

gas  onlf  carries  with  it  hjgrometrical  water*    Now  tiiit 

qnantitj  maj  easily  be  calculated.    The  gas  in  my  ezpeii- 

nent  waghed  4*195  gram.  [64*77  grs.] :  consequent! j  its 

Tolnme,  at  30*  [68«F.]  and  0*75  met.  [29*5  in.]  preesnre^ 

was  2*9  lit.  [4*8  pints] ;  and  the  weight  of  tlie  aqneona 

▼apottrs4*2  cent.  [0*65  of  a  gr.].     If  this  quantity  bt 

diminished '  by  the  Ycry  small  quantity  of  carbonic  acid  re* 

tained  in  the  solution*,  we  shall  hafe  the  eitent  of  the 

'  errour,  to  which  this  analysis  is  liable ;  for  the  process  is 

so  simple,  that  on  repeating  it  we  obtain  almost  predsely 

the  same  quantities.     I  conceiTc  it  much  to  be  wished,  that 

all  analyses  were  susceptible  of  this  precision:  besides,  I 

hare  confirmed  it  by  other  experiments.    I  ledveed  the  snli* 

carbonate  to  muriate  and  sulphate,  and  the  results  I  o1»* 

tained  were  found  to  agree  with  the  aaalyris  I  had  adopted. 

Oljee^Dt  to        ^  ^^^  proeeed  to  the  objections  which  Mr.  d^ Arcet  baa 

the  mode  of     made  to  my  method  of  determining  the  water  in  soda,  and 

thr!iniur"m      ^hich  consist  in  this,  that  the  component  parts  of  mnriata 

sada.  of  silTcr  are  not  accurately  determined ;  and  that  this  salt  is 

soluble  in  the  waters  of  elntriation. 

•  ^^  ^^ 

Pioportions  of  Chcncfix,  Zaboade,  Proust,  Bucbols,  Rose,  a»d  otibers, 
muriate  of  III.  ^j^  snceessirely  determined  the  proportions  of  muriate  of 
siWer.    The  quantity  of  acid  contained  in  this  salt  variet 


in  their  results  from  17  to  18.  Rose  and  Buchob  make  it 
'  17*5,  which  is  the  proportion  I  hare  adopted.  The  late 
eiperiments  of  Gay-Lussac  carry  tt  to  18.  When  the 
proportions  assigned  to  a  salt  ?ary  only  huif  a  hundredth 
part,  they  may  be  fahrly  considered  as  ascertained. 
Thts  muriate  is      With  regard  to  ihe  solubility  of  muriate  of  silTer,  I 

TillX^^         ^^^^^  ^^  ^^y  ^^^9  ^^^  ^^  ^  ^"^  ^'  ^^  ^^^  Hiiolttbie 
aahs  employed  in  analysis,  when  the  liquid  b  neutral  and 

contains  very  little  of  any  other  salt.     It  CTen  reqairet  a 

pretty  considerable  eicess  of  aeid,  to  dissolve  any  notable 

*  There  Is  ^ill  another  circumstance,  that  tends  to  dimiairii  the 
weight  of  ihe  cartvmic  add :  this  is,  the  gas  evolved  eapds  ^greal 
.    part  of  the  atmospheric  air  contained  in  the  empty  nart»  suul  talre^ 
its  place. 

*  quantity 
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quiDlity.  Nilratc  of  iiUer  is  such  a  powerful  test  of 
muriatic  acid,  that  it  detccU  rxlrcmcly  small  quantities. 
Kirwan  fuunil,  that  one  part  of  muriatic  add  diluted  witit 
108333  of  water  could  be  detected  by  nitrate  of  silver*. 
Does  muriate  of  lime  inrlicale  such  imperceptible  quan- 
tities of  carbooic  add,  particularly  in  a  liquid  that  is  nut 
neutral  ? 

These  obserrations  seem  to  me  to  aaswcr  entirely  the  ob. 
jections  Mr.  d'Arcet  has  made  lo  my  analysis ;  ihougli  at 
the  same  time  I  nm  f<tr  from  consideriitg  his  method  asa  bad 
one.  Whence  then,  perhaps,  it  will  be  asked,  arises  the 
diiferciiee  between  the  results?  1  coiiceiTe  it  originates  *-""!"  "f 
from  t^e  proportions,  wliich  Mr.  d'Areet  has  adopted  for,esulta. 
the  carbonate  of  lime,  aud  from  the  difficulty  he  must  have 
found  to  dcprire  this  salt  entirely  of  water,  without  ex. 
pelling  some  of  its  acid. 

Thenard  and  Biotlia»pjmt  made  a  comparatiTc  analysisComron' 
of  carbonate  of  lime  and  arragonlte.     Intheir  experiments  „3,5„[  i| 
they  employed  all  the  care,  that  might  he  expected  from 
such  experienced  chemists.     From  these  it  appeared,  that 
5C  of  lime  unite  with  43  of  carbonic  add. 

But  Mr.  d'Arcct  has  found,  (hat  100  parts  of  crystallized  C'l' 
Bubcarbooale  of  soda,  containing  36-!t9  of  dry  subear.  ^ 
bonale,  gava  34'Sl  of  earfaonafe  of  lime,  which,  exposed 
to  a  strong  fire,  left  18  72  of  quicklime.  This  quantity 
of  lime,  from  the  analysis  ahoTc  quoted,  would  combine 
with  14'37  of  carbonic  acid,  which  were  accordingly  con- 
tained in  the  36 '39  of  dry  subcarbonate  :  and  my  analysis 
would  have  gifen  13'C3.  If  it  be  considered  too,  that  I 
was  obliged  to  take  that  analysis  of  Mr.  d'Arcet's,  in  whicb 
he  found  most  carbonate  of  lime,  ibetc  results,  I  imagine, 
will  not  be  lliought  Tcry  nlde. 

Now  if  Mr.  d'Arcet's  enperimcnts  be  calculated  from  my  him: 
analysis  of  the  subcarbonatc  of  sodii,  it  will  appear,  lliat^"'^ 
100  parts  of  the  soda  he  analysed  contain  20  of  water, 
wliile  1  found  18-86. 

•  I  am  aware,  that  Mr.  Berthollel  junr.  has  detected  much 
smaller  iguanlities  of  acid  with  tlie  ^anie  (ttt.  Itii  truf,  he  found, 
thai  muriate  of  silver  was  soluble  in  toiicentrated  and  boiling  sulu- 
lioiM  of  almost  alt  muriates :  liul  il  is  sufiicjeiil  to  dilute  them  with 
water,  to  occasion  its  reappearance. 
^^V«u  XXVlI.-Supfi+n«if*         Aft 
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IV. 

Om  a  new  PiickUke  Iron  Ort^  or  Stdphaied  Iron  ubiih  JEx^ 
cess  of  Bate:  by  Mr.  Gillvt  Laumont,  Correspond 
deni  of  the  ImiUuiey  and  Member  of  the  Council  of 
Mines*. 

New  and  rare  jMlR."Karsten  has  just  sent  to  Mr.  Ha5y  a  new  and  yerj 
fWbe^^^  rare  species  of  mineral.  Examining  the  geographical  col- 
lection of  the  department  of  Mines  at  Berlin,  that  gentle- 
man found  among  the  Saxon  minerals  from  Ferber's  col- 
lection, which  had  been  purchased  by  that  department,  a 
•mall  box,  labelled  by  Ferber  ^^  Pitchlike  iron  ore  from 
the  mine  of  Kustbescheerung  near  Freyberg.'' 

la  his  letter  to  Mr.  Haliy  Mr.  Karsten  obsertes,  that 

mineralogists  have  confounded  the  pitchlike  iron  ore  some- 

^  times  with  the  black  blende  of  Freyburg,  at  other  times  with 

the  oxidale  of  uranium,  and  that  latterly  Werner  has  gWen 

this  name  to  HaQy's  phosphated  manganese  +• 

Mr.  Karsten  quickly  perceived,  that  this  mineral  did  not 
agree  with  any  of  those  known  by  thb  denomination ;  and 
bb  conjecture  was  confirmed  by  Klaprotb,  who  on  analysing 
it  obtained 

Oxide  of  iron         «        •        •        -        67 
Dry  sulphuric  acid           -         -        *  8 

Water 25 


called  bj  htm 

pitchlike  ifon 

ore. 

Other  minerab 

BimilaHy 

named. 


Its  component 
parts. 


100 


Its  characters.  The  specific  gravity  of  this  mineral  was  2*144.  The 
ipedmens  sent  to  Mr.  Ilaiiy  are  small  and  tery  brittle,  but 
Tsrying  in  colour.  A  piece  being  heated  in  the  flame  of  a 
candle  swelled  up,  fused  pretty  readily,  and  became  magnetic. 
I  gaTe  a  description  of  a  substance  much  resembling  this 
in  a  paper  on  the  mines  of  Brittany,  which  I  presented  to 
tiie  Academy  of  Sciences  in  May,  1785.  It  was  there 
called  ^  an  acid  phosphoric  martial  salt."  I  brought  it 
from  the  lead  mine  of  Huelgoat,  celebrated  for  the  phos- 
phates of  lead,  which  I. then  made  known  j;.     It  was  among 

these 
*  Journal  des  Mines,  vol.  xxiii,  p.  221.  <« 

f  Jameson's  Mineralogy,  vol.  ii,  p.  569,  612.    C. 

{  ( obtained  at  that  time  from  these  lead  ores  four    or  five  per 

cent 


Similar  sub- 
stance from  a 
mine  in  Brit- 
tany. 
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these  lead  ores,  at  the  depth  of  404  feel  [597  Kng.],  tha(  (liis 
Tcsiniform  subsl.-ince  was  found.  It  appeared  to  hare  been 
melted  oTiir  several  pieces,  which  were  impregnated  with  it ; 
and  was  commonly  in  rery  brittle,  drusy  masscir. 

1  liavo  only  a  few  fragmenlB  of  this  left,  and  ihey  cihibit  The  t* 
nearly  the  same  characters  as  Ferbcr's  pitchlike  iron  ore, '""*''■ 
which  may  now  be  termed  sulphated  iron  with  excess  of 
base.     Dr.  Weiss,  of  l.cipsic,  who  was  present  at  some  ex- 
periments f  lately  made  with  the  two  substances,  did  not 
hesitate  to  consider  Ihem  aii  the  same.     In  fact,  tho  sub- Tbrir 
stance  of  HBclgoat  and  that  of  Frcyberg  have  both  a  deep'"'*' 
ydlow  colour,  rarying  between  that  of  olivine  and  iJio- 
erase:    (heir  aspect  is  equally  resinous;  llieir  fracturi;  is 
conchoidal,  unequal,  shining;  their  hardness  superior  to 
th&t  of  sulphate  of  lime,  but  inferior  to  that  of  carbonate 
of  lime,  which  sc-ratches  Ihem  strongly,  though  thrj'alsa' 
scratch   it  slightly;  (heir   brittleness   is    very  great;  Ihcir 
colour,  when  scraped,  is  _vtllow,  though  that  of  the  Freyberg 
mineral  is  a  little  deeper  than  the  olhcr. 

In  tbe  llamc  ofn  candle,  before  the  blowpipe,  the j  swell 
up,  and  crack,  assNming  the  colour  of  gacibogu  in  the 
lump  ;  and  at  length  melt  Into  black  scoriT,  attractable  by 
the  magnet,  which  adhere  to  the  platina  tongs.  The  mine- 
ral from  Freyberg  only  swells  up  mure,  mclls  more  quickly, 
and  adheres  more  (o  ihc  tongs. 

When  fresh,  the  rcsiniform  mineral  of  ITuelgoat  gave  arcidc]! 
white  precipitate  with  the  solution  of  harjtes  in  mutialk"''f'"' 
Bcid,  which  indicated  llie  presence  of  sulphuric  acid;  and 
it  tmpregsed  then  an  acid  and  styptic  taste  on  the  tongue, 
which  it  bos  now  lost :  but  thn  presence  of  sulphuric  acid 
iti  it  has  been  conlirmeil  afn-sh  by  Mr.  Descotils,  though  he 
had  not  enough  tu  verify  that  of  phosphoric  acid. 

cent  of  pbosphortB,  by  a  simple,  ni'w.  and  spe«l\'  method,  de- 
scribed in  that  paper.  1  was  led  to  it  by  (lie  green  flame,  wbicli  I 
obsened  to  rise  from  the  cnicibles  In  which  1  heated  the  ore.  In 
tbe  same  way  I  was  induced  lo  suipecl  the  presence  of  phosplmtiis 
in  the  miniform  we  accompani'iiii;  this  lead  from  the  peen  flame 
^I  obtained  with  the  blowpipe,  and  thtMvliile  precipilate  it  gave 
'  with  lime-water.  See  Jouru.  du  Phjs,  May,  iiio,  vol.  .vxvi;i, 
p.  382,  3Sj- 
*  A  a  3  V.  Analjjiit 
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V. 

Andl^iU  of  three  Species  of  Pt^riies^  by  Mr.  BvcbolzK 

JVLeSSRS.  Gchlcn  and  Bucholz  hafing  particular  reasons 
for  vrishing  to  examine  the  obserfations  of  Proust  on  the 
two  compounds  of  iron  and  sulphur,  thej  made  their  ex- 
periments on  an  artificial  solphuret  with  a  maximum  of 
sulphur,  because  they  had  not  any  natire.  HaTing  af ter<» 
ward  procured  three  difierent  specimens  of  natiTe  pyrites ; 
Mr.  B.  determined  to  analyse  them  cacefully,  in  consequence 
the  difference  between  the  results  of  some  eminent  chemists. 
The  following  are  the  component  parts  of  pyrites : 


Sulphur. 


Iron. 


Component 
parts  according 
to  different 
aulkon. 


47*36 

59*64 

63-«4 

46-76 

52-76 

47-24 

53-40 

46-60 

63-69 

46-31 

47-93 

3207 

47-36 

52-64 

according  to 

Proust       «        •        •        • 

Hatchet     *        •        •        • 

GueuiTcau    f    -        •        • 

Bucholz  and  Gehlen        • 

Usual  process        ^^  ^^  process  generally  adopted,    which  consists  in 
confomcs  much  treating  pyrites  with  weak  nitric  acid,  requires  a  great  deal 
of  acid  and  of  time,  Mr.  Bucholz  first  cndeaToured  to  find 
a  process,  that  should  convert  the  pyrites  into  oxide  of 
iron  and  sulphuric  acid  vith  the  least  possible  expenditure  of 
both,  without  occasioning  any  loss,  and  without  giring  in- 
accurate results. 
Proce»adopt-        After  Tarious  trials,  the  following  method  appeared  to 
td  lo  satebuUi.  jjjm  j^q^^  speedy  and  certain.    100  grs.  of  pyrites,  reduced 
to  Tery  fine  powder,  were  diffused  in  half  an  ounce  of  water 
in  a  tweWe  ounce  phial ;  and  concentrated  nitric  acid  was 
added,  drop  by  drop,  as  long  as  a  brisk  cffervesceuce  took 
place,    with  the  .  erolution  of  red  fumes.      The  mixture 

*  Abridged  from  the  Annales  de  Chim.  vol.  Ixviii.,  p.  134. 
Translated  from  the  German  by  Berard. 

t  For  a  careful  analysis  by  Guenivcau,  where  the  proportions 
are  45  inin,  55  sulphur,  see  Journal,  vul.  xxi,  p.  142.    C. 

bein^ 
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being  (hen  exposed  to  a  gentle  heat,  u  sann  as  no  fartbet 
action  was  produced  the  pyrites  was  completely  oxided. 
In  leveral  trials  h»  employed  about  II  drachma  of  nitric 
acid,  and  the  process  occupied  a  qnarter  or  at  most  half  an 
hour.  By  the  addition  of  a  small  ijuanfify  of  water,  the 
loss  that  would  have  been  occasioned,  if  conccatrated  nitric 
acid  had  been  eaploycd,  was  avoided. 

The  firit  ipecimen  analysed  wan  a  grayish  yellow  pyrites  Ui  spwimcn  af 
perfectly  crystalliicd  in  cubes.  The  filtered  solution  left  4  P''""*' 
{rains  of  silex  ;  and  muriate  of  barytes  threw  down  a  pre. 
cipitate  amouniing  to  355-5  grs.  Hence  Mr.  Bucholz  cal- 
culates the  pyrites  to  have  contained  51-15  per  cent  of  sul. 
phur,  estimating  the  sulphate  of  barytes  to  contain  3^-j  of 
acid,  and  sulphuric  acid  43-5  of  6ulphur. 

The  second  specimsa  woe  a  pyrites  crystallized  in  cubes,  2d  ipecimen, 
with  GOttcave  surfaces,  and  the  edges  slightly  blunted.     100 
grs.  left  4*5   of  silel,   and   formed   358  grs.  of  sulphate  of 
barytes.     This  therefore,  calcnialing  on  the  same  data,  con. 
tained  Jl-77  per  cent  of  lulphur. 

Th«  third  wu  a  pyrites  crystallLied  in  radii  100.    grains  ri<i,  specimen. 
left  3  of  insoluble  matter,  and  produced  352  grs.  of  sul- 
phate of  barytes.     Hence  Mr.  Buchuli  calculates  its  sul.  Meaa. 
phur  at  49-Gl  per  cent;  and  estimates  the meaa  proportiotis 
Udl  sulphur,  49  iron*. 

*  If  we  take  tjie  prnpoiliOD  of  acid  in  sulphate  of  barytes  In  be 
33*5  per  cent,  and  that  of  sulphur  in  the  sulphuric  acid  to  be 
43'S8  per  cent ;  the  proportions  which  Or-  Henry  has  adopted  in 
his  Elements  of  Chemistry,  lately  published ;  we  shall  lind,  that 
the  lint  specnnen  gave  53'd6  per  cent  of  sulphur,  the  3d  54-30, 
and  the  3d  52-SO;  the  mean  of  which  U  3359  to  iO'H  of 
iroi.    C 
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VI.  • 

Description  of  Pkospkated  Copper:  By  Mr.  Hersart^  - 

Mine  Engineer*, 

f^isentialcha     IrllOSPHATED  copper^  wliate?er  be  its  form,  to  of  r 
tacter».  ^^^^  ^^^^^  ^^  bottle  greoii.  on  its  surface;  bat  intemillj  of 


a  fine  emerald  green,  bright  aB4  shilling  or  miied  with  re- 
flections  of  black* 

.  It  is  soluble  without  effertescence  in  nUrie  acid,  to  which 
it  gives  a  sky  blue  colour,  as  it  does  to  inMBQiiii^  Iron 
precipitates  copper  from  the  nitric  sqtntioii. 

Its  specific  gra^vitj  IS  4-07031. 

It  is  easily  scraped  with  a'knffe,  sciratchet  pare  carbonate 
of  lime,  Ind  is  scratched  by  common  glass. 

The  powder  is  always  of  a  lighter  greed  tiuMl  the  mineral 
}n  substance. 
.  In  tlun  pieces  i^  if  tranflacid. 

The  fracture  of  its  crystals  is  lamellar,  thi^t  of  the  dmsy 
•pf^mens  fibrous.  The  latter  has  not  the  brilliancy  of  the 
former,  ]but  in  some  speciniens  it  e^fhibits  a  silky  or  satinjf 
lastre. 

Before  the  blowpipe,  the  phosphate  of  copper  fvses 
easily,  producing  first  a  brittle  gjobulo,  dull,  and  of  an 
ashen  or  blackish  colour.  If  we  continue  to  heat  the 
-globule  on.  a  piece  of  charcoal  with  the  addition  of  any 
kind  of  grease,  a  small  button  of  red  copper  will  be  obw 
tained;  but  a  part  will  still  remain  in  the  state  of  blackish 
scorias.  This  residuum  dissolres  in  nitric  acid  with  cfier* 
vcsccnce,  giving  It  a  sky.blue  tinge. 

if  the  phosphate  of  copper  be  fused  before  the  t^lowpipe 
with  borax,  we  obtain  a  bright  red  glass. 

♦  Abridged  from  the  Journal  des  Mines;  Vol.  XXIV,  p.  331. 
Phosphate  of  copper  not  being  much  known  to  mineralogists,  we 
imagine  tiie  following  description  will  be  found  interesting,  as  it 
has  just  been  drawn  up  on  the  spot  where  the  mineral  is  found,  and 
as  it  ditVers  in  some  respects  from  the  descriptions  hitherto  pub- 
lished :  while,  having  been  made  from  a  great  number  of  speci- 
mens^ it  appears  to  us  to  deserve  confidence.    French  Ed, 

Phosphated 


* 
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Phospliated  copper  may  be  distiDguiahed  DiitingiTuliinf 

I,  from  green   carbonate  of  copper,   by  dissalTing  jb^'"""^'"'" 
nitric  ftcid  without  efiervcscence,  and  gi?ing  a  blue  colour: 
3,  from  muriate  of  copper,  by  not  giting  a  blue  and 
green  colour  to  Same,  on  whicb  it  h  tliroirn,  as  the  mu. 
riate  does : 

3,  from  arseniated  copper,  by  not  emitting  an  arsenical 
smell  when  acted  on  by  lire,  and  giring  a  blue  colour, 
inttead  of  a  green,  to  nitric  acid. 

The  crystals  of  phosphated  copper  are  cammonly  grouped  Vannles  of 
GO  as  to  exhibit  but  one  face,  or  one  solid  angle.  The*^"""' 
faces  are  seldom  plane  and  smoatli,  being  almost  ajirays 
curved,  and  subdiiiilcd  into  a  great  Dumber  of  small  facets 
nith  different  inclinations.  When  the  faces  arc  smooth 
and  plane,  Ihcy  appear  as  if  striated  parallel  to  one  of  the 
edges :  and  in  these  crystals  we  perceive  two  opposite  facea, 
which  are  neither  plane  nor  smoolh,  but  rough  and  full  of 
little  points.  The  form  of  these  crystals  appears  to  be  K 
rhomboid,  approaching  to  a  cube. 

Single  or  dctachul  crystals  arc  occasionally  foond. 
These  exhibit  a  rhomboid  apparently  more  acute  than  the 
preceding;  but  neither  their  faces  nor  edges  aro  sharp  and 
well  defined. 

Sometimes  it  occurs  in  small  scales,  lying  on  each  other, 
and  inclined  in  different  directions. 

The  fibrous  phosphate  of  copper  is  found  either  in 
masses  eiteraally  drusy;  or  lining  cayities.  This  lariely 
exhibits  internally  Gno  and  close  stria;,  arranged  in  bundles 
of  dirergcnt  radii,  issuing  from  one  or  more  centres.  This 
variety  has  somelimcs  a  silky  or  satiny  lustre  within. 

The  phosphated  copper  just  described  is  found  in  the  W1i«re  found, 
bed  or  vein  called  Venusberg,    or  Joscphbcrg,  not  above 
half  an  hour's  journey  from  the  town  of  RheiubreilbacU.  I 

I  have  said  bed  or  vein,  because,  if  examined  in  different 
places,  it  appears  somctimeB  one,  sometimes  the  other;  and 
lience  mineralogists  are  not  decided  which  to  call  it.  I  am 
inclined  however,  to  consider  it  as  a  vein,  from  the  rescm. 
blancc  between  this  mountain  and  that  of  Alariuberg, 
which  contains  unquestionable  veins  of  pyritous  copper, 
And  is  not  above  20  or  35  minutes  distant  from  that  in 
vbicb  the  phosphated  copper  is  found. 

Tlje 
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The  Tein  of  Joeephberg  is  contained  in  %  moontun,  ibat 

sppean  to  be  composed  entirely  of  arf^iHaoeoas  schist,  or 

i:ather  a  schistose  clay  containing  mica^  but  in  particles 

,  soarcdj  perceptible. 

Or«s  accom«         The  phosphate  of  copper  accompanies  copper  pyrites, 

papying  it.    k  native  copper,  acicular  or  earthy  oxidule  of  copper,  and 

lilac  and  green  carbonates  of  copper.     The  latter  is  found 

also  in  the  state  of  malachite,  or  compact  carbonate  of 

copper.     Sulphate    of   copper  too  occurs,    though  Tery 

rarely,  in  this  vein,  which  is  Tery  thick,  and  its  extremity 

comes  out  to  day  near  the  summit  of  the  mountain. 

Gangoe..  The  gangue  of  these  ores  is  commonly  a  white  or  grayish 

byalin  quartz,    frequently  tinged  of  a  brown  yellow  by 

oxide  of  iron,  which  is  likewise  found  uncombincd  in  the 

specimens.    Sometimes  the  hyalin  quartz  is  tinged  of  a  pale 

green  by  the  phosphaied  cppper. 

Beside  the  hyalin  quarti,  but  more  rarely,  a  stone  is 
found  as  its  gangue,  which  the  director  of  the  works  calls 
hornstein,  but  which  I  am  inclined  to  consider  as  a  true 
agate  quartx.  If  it  be  rare  to  see  this  agate  quartz  form 
the  mass  of  the  specimens,  it  is  frequently  found  lining 
their  caTities.  The  surface  of  the  phosphate  of  copper, 
particularly  of  the  drusy,  is  often  eoTcred  with  a  pellicle 
of  common  chalcedony,  which  is  so  thin,  as  not  to  be 
always  perceptible;  but  if  a  fragment  be  exposed  to  the 
blowpipe,  the  chalcedony  immediately  separates  from  the 
phosphated  copper,  and  appears  with  its  white  colour. 
This  pellicle  sometimes  gives  the  druses  the  appearance  of 
mottldincss,  or  renders  their  surface  telvetty.  In  the  ca- 
vities too,  that  contain  the  phosphated  copper,  a  white 
chalcedony,  or  sometimes  slightly  tinged  with  blue,  is 
found  in  separate  and  parallel  cylindrical  tubes,  and  occa. 
sionally  in  slender  threads,  crossing  each  other  in  Tarions 
directions.  These  arc  cither  white  or  rose-coloured.  In 
the  axis  of  the  tubular  chalcedony  we  frequently  find  an 
opakc  line,  apparently  owing  to  the  oxide  of  iron.  Some, 
times  among  the  fibrous  phosphate  of  copper  particles  of 
green  carbonate  of  copper  are  found,  which  are  distinguish, 
^ble  by  their  paler  colour^ 
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The  preceding  Uescription  ililTcn  in  scleral  respects  from  Mbnk*  rf 
that  of  Mr.  Karsfen,  who  no  doubt  had  but  fpw  specimens  '^f*'™- 
to  examinr.     In    saying,    that  its   colour   externally  wa;i 
grayish  bluck,  lie  vas  probably  misled  by  aouic  specimens 
covered  wilh  a  pellicle  of  chalcedony,  which  in  fact  hate 
this  colour. 


va. 

Comparative  Analysis  of  Gum.Resins:    Ry  Mr.  HrNRT 
BuACONNOT,  Prtfeisof  of  Natural  llisl or j/,  S[c.' 

i-  HR  substances  I  purpose  to  eiamine  are  interesting,  GunirTsiM 
have  hitherto  been  considered  only  in  a  few  points  of  ricw,  ?  *"  *""]«»  tl 
auil  the  labours  of  Boulduc,  Gtoffroy,  Ncuitiano,  and 
Carthcusrr,  leatc  much  to  bo  desired  with  respect  to  (hem. 
Besides,  the  great  progre&s  made  by  chcuiistry  £tnce  thcjc 
time  demands  a  fresh  examination  of  tlie  gummy-resinous 
substances,  of  which  modern  chemists  Itavu  tukcn  but  a 
cursory  view ;  and  this  emboldens  me  to  consider  in  a  new 
light  the  concrete  juices  of  vegetables,  availing  myself  of 
the  present  state  of  chemical  science.  If  I  have  attempted 
an  undertaking  beyond  my  strength,  at  least  1  will  not  ■> 

have  to  reproach  myself  with  not  having  done  my  best  to 
merit  the  approbation  of  the  learned.  At  present  I  shall 
bring  forward  only  a  part  of  my  labours,  intending  soon 
to  complete  thom. 

Article  I,     Antdyiii  of  Jloei. 

§  I.  The  aloes,  that  was  the  subject  of  this  examination,  MoaiactSST' 
was  of  a  yellowish  red,  and  semitransparcnt ;  in  its  fracture 
it  exhibited  several  yellow  specks  shining  on  a  red  ground^ 
reduced  to  powder  it  was  of  a  fine  yellow  colour;  it  had  a 
Tery  bitter  taste,  and  a  smell  not  disagreeable  to  some  peo- 
ple.    It  did  not  become  electric  by  friction. 

Exposed  toaheat  of  80-  R.  [^IS-T.]  it  first  softens,  Aciion  of  h«»l 
and  then  melts.     This  fusibility  b  the  cause  of  its  bdng"""' 

•  Abridged  from  Ann.  dc  Chim.  vol.  I.XVIII.  p.  [9.    The 
■  ^  I^per  was  ri:atl  to  the  ;Vcaili.-niy  of  Sciences  at  Nani:)  llie  Uiii  of 
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Products. 


CoaL 


A1o«  cmn- 
plet^Iy  dis- 
solved  in  a . 
large  quantity 
of  cold  water, 
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much  more  easily  pul?erable  in  winter  tban  in  iiunmer*  If 
a  piece  be  held  in  the  flame  of  a  cwidlei  it  melts,  swells  api 
and  takes  fire. 

^  II.  Fifty  grammes  [772  grs.]  being  distilled  with  a  heajb 
▼ery.gentle  at  first  and  incapable  of  decomposing  the  aloi^, 
the  products  were : 

1st,  8  gram.  [123*6  grs.]  of  water,  impregnated  with  the 
essential  oil  from  which  thq  smell  is  derired. 
'  2d,  at  a  higher  degree  of  heat  came  orer  8*7  gram. 
[134  grs.]  of  a  nearly  cblourless  water,  in  which  I  found 
some  acetic  acid,  but  no  ammonia,  on  adding  quicklime  in 
powder. 

3rd,  5  gram.  [77*2  grs.]  of  a  heavy  red  oil,  soluble  in 
alcohol. 

4th,  a  large  quantity  of  mly  htdrogen  gas  and  carbonic 
acid. 

5th,  there  remained  in  the  retort,  which  had  experienced 
a  commencement  of  fusion,  20  gram.  [308*8  grs.]  of  a 
hard'  coal,  yery  bulky  and  swelled  up,  retaining  a  lai^a 
quantity  of  hidrogen,  which  was  seen  to  born  on  exposing 
it  a  long  time  to  a  strong  heat  in  a  crucible  for  the  purpose 
of  incinerating  it,  which  was  found  to  be  impossible.  It 
retained  all  its  blackness,  its  brilliancy,  and  considerable 
hardness;  yet  it  had  lost  12*5  gram,  [193  grs.]  of  its 
weight,  which  I  ascribed  in  great  part  to  hidrogen*  The 
7*5  gram.  [115*8  grs.]  that  remained  contained  no  sensible 
quantity  of  potash. 

Having  treated  this  coal  with  muriatic  acid,  the  filtered 
liquor  was  precipitated  by  ammonia,  which  separated  some 
oxide  of  iron,  and  a  small  quantity  of  phosphate  of  lime. 
Carbonate  of  potash  precipitated  a  few  decigrammes  of 
carbonate  of  lime. 

On  heating  nitric  acid  on  this  coal  a  small  quantity  of 
tannin  is  obtained,  which  precipitates  glue. 

§  III.  Powdered  aloes,  triturated  in  a  glass  mortar  with 
cold  water,  yielded  a  substance  haying  the  tenacity  of  tur« 
penline  when  worked  between  the  hands.  I  obtained  a^ 
complete  solution  by  successive  additions  of  water,  but  it 
required  a  large  quantity.  The  last  portion,  that  remain, 
cd  to  be  diss'olvcd,  was  similar  to  the  first  in  its  bitterness  and 
otlicr  properties.    This  solution  froths  when  shaken. 

'  148  gram. 
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^giains.  [2285  gfs.]  of  wattu,  at  SS**  R.  [101-'  f,]  hm  .o.ifH  mn,« 
were  iaffiuienl  for  the  complulo  Eolulioa  of  4  gram,  [el-ii"'"  "'"  """ 
grs.]  of  aloes,  except  a  dci^igr.  [I'5  gr.]  of  itnpiire  woody 
nutter.  At  it  cooled,  thu  solution  grew  turbid,  and  Ic:l: 
fall  a  porlioii  of  the  nulter  disiolrcif.  This  solubility  nf 
ilotA  in  water  ii  so  much  iocrcascd  by  heat,  that  we  may 
obtain  a  solution  of  the  eonsistunce  of  a  sirup,  which  then 
lels  fall  nothing,  and  is  e?cn  capable  of  cryslallizing,  on 
(lulling  it  down  litjll  fartlicr. 

,  THc  aqueous  solution  of  aloes  CKhibltcd  the  following  ap-l'ro;>GrtiMDr  ihe 
pcarancfls  with  reagents,  in^iiniui  solu- 

1.  Infuiioii  of  litmus  is  Tcrypcreeplibly  reddened  by  it. 

S.  Alkalii;  ami  lime-water  render  its  colour  deeper,  with. 
f>iit  precipitating  any  thing. 

3.  Sulphate  of  iron  produces  in  it  a  brown  colour,  and 
in  3  lltdo  time  a  precipitate  of  the  same  hue. 

4.  Decoction  of  galls  produces  a  yellowish  flocculenl  pri?. 
cipit^te.  Tbc  supernatant  liquid  is  paler,  and  much  less 
iiitler  (ban  before. 

5.  The  tubacclatc  of  lead  likewise  ncca^iuns  a  preripilate, 
Kiid  the  supernatant  liquid  is  nearly  colourk'^ts. 

'  5.  Nitrate  of  copper  and  of  lead,  and  muriate  of  tin, 
likewise  occasion  sliijbt  depositions ;  bul  these  do  not  aji. 
pear  to  bo  real  chemical  compounds,  for  the  solutions  uf 
Oiuriato  of  soda,  and  other  neutral  sails,  cB'cct  as  much. 
These  saline  substances  therefore  act  an  the  solution  of  aloes 
in  the  same  manner  as  on  that  of  tannin  in  wafer,  merely 
by  weakening  the  action  of  this  liquid  on  the  difficultly  solu. 
^le  matter  it  contains. 

,  This  solulioa  of  aloes,  which  was  of  a  fine  gold  colour,  Aninn  nfjiron 
was  left  (o  settle  in  three  vessels.  The  first,  coataioiiig  a  ">,  •>  . 
quart,  was  quile  filled  with  it,  and  well-corked  :  thcseconil, 
of  the  snmo  size,  was  but  half  full,  and  uiicoikcd:  the 
third,  an  apothecary's  phi4,  was  likewise  open,  andbula 
quarter  filled.  At  tho  end  of  (en  weeks  (he  solution  in  tho 
first  retained  its  colour  unchanged  :  that  in  the  second  was 
of  a  »ery  deep  red,  but  rendered  colourless  by  oximu- 
riaticaiid,  which  produced  in  it  a  tlocculent  precipitate : 
IK  the  third,  a  quantity  of  mucus  was  formed.  The  co- 
loured liquids  in  Ih:  Uit  two  had  Bcquircd  a  degree  of  tIs. 
cosily : 
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eotity:  in  fact,  a  matter  analagous  to  gelatine  seemi 
formed,  for  decoction  of  galla  prodaced  So  them  a  prcci. 
pitate  much  more  copious  than  ia  the  recent  lolution- 

Ttiese  facts  seem  to  me  to  prove,  that  atoes  ia  not  a  retin.' 
Solirtionof  ^  IV.  Spirit  of  wine,  at  38*  [sp.  grav.  0*827]  dissolTtf 

"*   ^       'aloes  entirely  with  great  readiness,  particularly  if  hot,  nhich 
indicates  the  absence  of  gummy  or  cxtractiTe  matter.     The 
solution,  when  filtered  to  free  it  from  some  particles  of 
foreign  matter,  is  of  'so  deep  a  red,  that  it  is  difficult  to 
perceiTe  its  transparency.     Water  prodncesin  ita  copioui 
sediment  of  a  pale  yellow  colour.     This  colour  is  owing 
to  the  water  retained  in  it,  for  on  drying,  it  assumes  its 
original  brown, 
C>T*t^ti»bl'         If  the  alcoholic  solution  be  eraporated,  towards  the  end 
we  find,  that  the  Ica^t  motion,  the  slightest  breath  on  it, 
produces  a  sort  of  crystal tizati on,  which  disappears  again, 
but  ia  toon  after  reproduced, 
AloMinioliible      Though  alcohol  dissoUcs  this  substance  Tery  well,  ft  ia 
'""'*■  not  the  same  with  oil,  cither  fixed  or  Tolaltle.     I  exposed 

toheata  mixture  of  olite  oiland  aloes:  the  latter  remain, 
ed  fused  at  the  bottom.  Oil  of  turpentine  boiled  on  atoes 
comported  itself  nearly  in  the  same  manner,  but  it  acquired 
a  light  amber  tinge. 
Anion  of  allu-  ^  V.  Alkaline  solutions  dissolve  aloes  very  readily  with* 
lis  <in  aloe;.  out  heat,  and  the  results  are  combinations,  in  which  the 
bitterness  appears  partly  concealed  ".  Acids  throw  down 
from  these  solutions  copious  precipitates,  which  become  co> 
loured  by  desiccation.  Voblilc  alkali  diluted  with  water 
likewise  diBsokes  aloes  completely.  The  filtered  Bolulion 
was  of  a  deep  red,  and'  was  evaporated  slowly,  lo  expel 
the  excess  of  ammonia.  As  the  solution  was  concentrating, 
a  continual  movement  appeared  on  the  surface,  seeming  to 
indicate  a  tendency  to  crystallization,  for'needles  were  ob- 
served appearing  and  disappearing  in  succession.  Oncon< 
tinuing  the  evaporation  almost  to  dryness,  needly  crystals 
were  obtained,  imbedded  in  a  kind  of  resiniform  mass.    On 

•  The  mixtureof  se»'endrachnisofliin.-fureof  aloM  uith  one 
drachm  of  the  liquid  sulKarbouate  of  potash  has  the  tastcof  a  s» 
lulion  of  extiact  of  liquorice  very  nearly.  C. 

healing 
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lieitliig  this  nil))  a  certain  qujintit)'  of  lime  and  water,  am* 
Bionia  was  Tery  perceptibly  eToUcd. 

^  VI.  Weak  acids  hare  no  rery  striking  action  on  aloes,  yet  Aciianof  u 
Uiey  disso lie  it  better  tb an  water,  which  whitens  the  solii- '""'^***" 
tion  of  aloes  in  distilled  lincgar.     The  mineral  acids  act  on 
'il  much  more  powerfully.      Nitric  acid  dbsolres  it  yety 
veil   without  heat,    producing  a  deep  red  liquid,  which 
water  precipitates  abundaolly. 

Ten  gram.  [154-4  grs.]  of  aloes  were  treated  in  a  retort  Kink  acid, 
with  80  gran.  [lS35grs.  of  nitric  acid  at  36°,  Ukingcare  to 
raise  the  fire  cautiously.     The  action  was  brisk,  and  al>und> 
ancc  of  rod  fumes  were  CTulvcd.     When  these  disappeared, 
tite  retort  was  remoTud  from  the  fire.     The  liquid  conlaiDcd 
-   in  it  was  of  a  deep  yellow  colour,  and  on  cooling  depo- 
■ited  a  prc[ty|Iarge  quantity  of  a  yellow  floccnlent substance, 
fieing  eraporalcd  to  the  consistence  of  honey,  it  was  di- 
luted with  water,  and  filtered.      A  yellow  substance  re- Ydlua  itid 
mtuncd  on  the  filter,  which,  after  having  been  wt:ll  k ashed F""''"^'^' 
and  dried,  amountsd  to  about  a  fourth  of  the  aloes  em- 
ployed.    This  appeared  to  be  an  acid,  analogous  to  the 
yellow,  acid,  and  detooaliDg  matter  which  Fourcroy  and 
Vauquelin  obtained  by  the  action  of  nitric  acid  and  animal 
■ubstances,  but  differing  slightly  in  several  respects. 

The  yellow  aloetic  acid,  well  washed  and  dried,  is  of  a  ji,  pn,peni( 
Aoe  yellow  colour,  and  eitreincly  bitter.  Itdoes  not  crys- 
tallize. It  reddens  litmus  paper,  and  cfierfesces  with  al- 
kaline carbonates.  It  has  a  pleasant  aromatic  smell,  par. 
ticularly  when  gently  healed.  It  melts  [ike  nitre,  emits  an 
aromatic  Tapour  mixed  with  bitterness,  and  leaves  an 
abundant  coally  residuum.  Distilled  with  a  gentle  heal,  it 
furnished  all  the  products  of  vegetable  substances,  and 
finally  detonated  with  a  purplish  fiamc.  A  very  bulky 
coal  remained,  equal  to  a  third  of  the  matter  employed. 

This  acid  'u  very  little  soluble  in  water.  It  required  12fiO 
times  its  weight  of  water  at  10°  R.  [5-1-5  P.]  for  its  com. 
plete  solution.  This  was  of  the  fine  red  colour  of  arterial 
blood.  Muriate  of  tin  produced  in  it  a  precipitate  of  the 
colour  of  wine  lees.  The  lulpbales  of  iroD  and  of  copper 
brightaned  the  colour. 

Alcobul 
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Alcobol  ki  S8*  dissolfed  only  one  fhirdeth  its  W^t  of 
the  yellow  acid.    The  M>Iatioa  was  a  very  deep  red. 

Hot  mhieral  acids  dissoWe  this  yellow  matter  witbovt 
etolTing  any  thing ;  btft  it  is  soon  after  deposited,  in  coil* 
sequence  of  its  insolnbility. 

Potash  forms  with  it  a  compound  of  a  deep  red,  and 
capable  of  crystallising.  Thu  red  salt  detonates  with  tlfe 
▼iolcnce  of  gnnpowder,  cither  when  exposed  to  a  certain 
degree  of  heat,  or  touched  with  a  bamiog  coal ;  and  after 
burning  leaves  a  slight  coally  trace,  and  a  remarkable  smell 
of  pmssic  acid,  which  leads  to  a  suspidon  of  the  presence 
of  nitrogen. 

T)iis  red  detonating  substance  Is  easily  prodaced  by  povi** 
-iilg  on  the  yellow  acid  of  aloes  a  wcalc  hot  solution  of  caustic 
potash,  whteh  has  but  a  slight  solvent  action  on  it. 

The  nitric  solution,  from  which  the  yellow  aloetic  acM 
has  been  separated,  was  saturated  by  potash.  At  the  end 
of  twenty.four  hours  a  rery  small  quantity  of  red  detonating 
matter-was  deposited.  Nitrate  of  lime  being  added  to  it,  a 
copious  precipitate  of  oxalite  of  lime  took  place,  which, 
when  well  washed  and  dried,  weighed  3*5  gram.  [54  grs.]) 
The  liqaid'  separated  from  the  oxalate  of  lime  was  pre- 
cipitated by  nitrate  of  lead;  and  the  precipitate,  treated 
with  a  third  of  its  weight  of  dilute  sulphuric  acid,  yielded 
about  a  gramme  [15*4  grs.J  of  malic  acid  partly  dried. 

§  Vll.  From  these  facts  it  follows,  that  aloes  is  not  a 
gnm-rcsin,  as  hsis  been  supposed,  since  neither  of  these  two 
principles  is  found  combiaed  in  it.  Consequently  too  it 
cannot  be  confounded  with  the  resins,  though  it  is  more 
similar  to  them  than  to  the  gums.  It  is  therefore  a  prin- 
ciple  sui  generis^  which  from  its  properties  I  would  call 
rcsinoamer.  This  immediate  principle  is  probably  very 
common,  and  has  its  species,  like  other  regetable  matters. 
It  is  this,  that  was  at  first  confounded  with  resins,  that  has 
been  sometimes  taken  for  oxigenated  extract,  and  that  Mr. 
Vauqnelin  has  made  known  in  his  interesting  paper  on  the 
different  species  of  cinchona*.  It  is  the  same  substance 
too,  that  is  deposited  in  greater  or  less  quantity  from  the 


*  See  Journal,  vol.  xix,  p.  10(5,  203. 
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decoctions  of  scTcral  bUtet  plants  of  the  cfiss  iyagenaii, 
in  which  fcbrifugR  virtues  hate  long  been  acknonleilgcd,  as 
wormwood,  cenliiurca  calcitrapa  and  bL-nrdicla,  succory, 
dandelion,  and  likewise  fumitory  *.  It  i»  true,  that  these 
plants  fiacc  been  found  Icsd  elTicactous  (ban  tho  aslringcat 
febrifuges ;  and  I  am  persuaded,  that  tbc  principle  in  cin. 
cboDa,  which  acts  specifically  against  fcTcr,  and  the  pcriodi. 
calncss  of  diseases,  is  owing  to  (he  combination  of  the  re> 
■inoamertrith  tannin,  or  a  similar  matter.  Follun-ing  these 
ideas,  my  colleague,  Dr.  llaldat,  intends  to  make  sorno 
important  cipcriments,  that  may  lead  to  great  and  useful 
discoTcries,  and  of  nbich  he  will  giTc  an  account. 

We  know  that  aloes,  taken  internally,  is  a  very  active  Mcdicil  pm- 
tonic,  and  cxternaDy  is  a  *ery  powerful  anliscptie.     Would  I"'"*'"'  •Itx^. 
it  have  this  antiseptic  power  internally?  It  is  fikcirisB  s&G«ll^ilc<(nw 
knowlcdged,  to  haie  febrifuge  anil  purgatire  properties :'"  ['"rf'»" 
but  it  is  not  commonly  known,  that  it  ceases  to  pargc  "''"""* 
when  miKcd  with  powdered  galls,  a  fact  L  bate  found  by  ex. 
periencc. 


REMARK?;. 

TO  complete  this  examination  of  a  Taltiahle  drug,  prctty<^''i« 
exteosifely  ased  in  physic,  before  we  proceed  with  prof. "  "" 
Braconoot  to  other  gum-resins,  we  shall  give  an  abstract  of 
the  analyses  of  it  by  Trommsdorff  and  by  Bouillun.  Lagrange 
andVogel,  both  in  the  same  volnmc  of  the  Ann.  de  Cbimic, 
that  by  Trommsdorff  being  taken  from  his  Journal  of 
Pharmacy.  The  following  arc  the  results  of  Mr.  Tromms-  ' 
dorff's  analysis. 

I.  Succotrine  aloes  dissolves  entirely  in  boiling  water ;  biiin?i»i: 
the  resinous  part  separates  on  cooling.  "'" 

3.  It  dissolves  also  in  alcohol  without  leaving  any  rcsi- 


3.  The  parts  soluble  ir 
dpic  than  those  soluble  i 
not  dcstitijte  of  it. 


water  contain  more  bitter  prin. 
t  alcohol,  though  the  latter  ate 


'  tt  appears  to  me.  that  the  resiniform  matter  found  in  hTfe 
ff  Tbenard  lias  a  (reat  deal  of  similatily  with  Uie  rc^inojinc;  ill' 
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4.  The  hepatic  differs  from  the  succotrinc  aloes  in  con- 
tainiog  some  dbaminons  animal  matter^  and  less  resin. 

5.  It  does  not  dissolre  completely  in  boiling  water,  be- 
cause  the  heat  coagulates  the  albumen. 

6.  Neither  is  it  totally  soluble  in  alcohol.    This  readily 
distinguishes  it  from  succotrine  aloes. 

7. The  saponaceous  principle*  and  resin  appear  to  be 
of  the  same  nature  in  both  kinds. 

8.  Succotrine  aloes  consists  of  75  parts  of  bitter  sapona- 
ceous  principle,  35  parts  resin,  and  a  trace  of  gallic  acid« 

9.  Hepatic  aloes  contain  81*25  saponaceous  principle^ 
6*25  of  resin,  12*5  of  albumen,  and  a  trace  of  gallic  acid. 

Bounion-La*         Messrs.  Lagrange  and  Vogel  experimented  on  much  larger 

omgemd        quantities*  than  cither  Braconnot  or  Trommsdorff.     They 

J^*§^*^^^*^  distilled  a  kilogramme  [near  2 J  lbs  avoird.}  of  each  kind 

tiUatioDy  in  a  large  glass  retort.     Toward  the  end  of  the  process  a 

shining  black  substance  sublimed,  which  was  nothing  but 

aloes.    The  water  from  the  dry  distillation  of  the  hepatic 

aloes  they  say  was  perceptibly  ammoniacal ;  that  from  the 

iuccotrine  merely  exhibited  a  white  yapour  with  muriatic 

acid,  after  the  addition  of  a  little  pure  potash. 

They  afterward  distilled  a  similar  quantity  of  each,  pre. 
Tiously  diluted  with  a  quart  of  water.  The  succotrine  aloes 
yielded  a  liquid  not  acid,  of  a  very  sweet  and  pleasing 
smell,  on  which  floated  a  Tolatile  oil  of  a  greenish  yellow 
colour,  and  smelling  like  that  of  mclilot.  It  aleo  con. 
tained  some  other  substance,  as  Trommsdorff  obserycd,  for 
after  some  time  it  grew  cloudy. 

The  water  from  the  hepatic  aloes  was  not  pleasing  to 
the  smell,  but  rather  nauseous,  approaching  a  little  to  that 
of  prussic  acid.  There  was  no  trace  of  oil  on  its  surface  or 
in  solution. 


Mid  by  wet. 

SuccotiUie 
aloef. 


Hepadc. 
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^incipU  of 
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•  The  author  having  dissolved  a  portion  of  aloes  by  boiling  in 
12  parts  of  water,  a  fourth  part  of  the  aloes  sepaivtcd  on  cooling. 
The  aqueous  solution  being  evaporated  to  dryness,  a  bitter 
substance  rtrsembiing  aloes  remained,  wLich  \va^  cumpktely  soluble 
in  alcohol,  but  altogether  insoluble  in  ether.  Hence  he  suppofesit 
to  be  the  saponaceous  principle  of  Ilermbstaedt,  stifenstof,  or 
jgftanzenscij)  which  is  ihus  characleriztd,  and  occurs  in  various 
iregetable*:,  as  satfron,  rhubarb,  &c.  lie  supposes  there  are  tlif- 
kKnt>pccie>  of  it^  more  or  less  bilter  to  the  tUdte, 

They 
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They  did  not  lind  aloes  soluble  in  cold  water  like  Mr.  OnJvin 
Braconoot.  On  a  qiizniity  of  auccotrioc  aloes  in  powder  .',T7!!^, 
the}'  poured  water  at  8°  K.  [SQ^F],  assisting  its  action  by 
frcqucDlstirriu^.  TlicclearsiiperDatant  liquor,  after  sclljing, 
was  decanted  off,  and  another  quantity  of  water  poured  on 
the  resiiiiium.  This  was  repealed,  (ill  "the  water,  after 
(tindina;  on  the  rcsiiluiim  four  aud  twcuty  hours,  was  found 
destitute  both  of  taste  and  colour.  The  glutinous  matter 
remaining  was  (hca  worked  between  the  fingers  under  » 

The  first  liquor  poorcd  off  was  rery  brown,  anil  strongly 
'  imprognalcd  with  the  aloes ;  the  second  aud  third  were  much 
less  »o,  the  rest  growing  weaker  in  succession,  till  the 
latt  was  clear  water.  When  the  aloes  had  been  sofficiently  Inralubl' 
washed,  and  (has  exhausted  by  water  at  S"  [SO'T.],  there 
reinajnuil  a  soft  grayish  masg,  very  olastic,  which,  when 
wet  with  water,  did  not  stick  to  the  fingers. 

The  aqueous  solution  of  aloes,  as  Trontmsdorff  ob.  TwndiH 
KCrvid,  CTaporated  gently  to  dryness,  leatcs  a  substance  j„pj"'" 
soluble  in  water  and  alcohol,  but  scarcely  at  all  in  ether. 
The  resinous  matter  of  aloes,  on  the  contrary,  is  soluble 
ID  akuhol  anil  in  ether,  but  not  in  water  at  lU"  [M-3°F.] 
The  former  ilissoWes  readily  in  cold  nitric  acid  at  30'',  and 
forms  a  green  liquid,  which  is  scarcely  rendered  turbid  on 
the  .addition  of  a  little  water,  and  becomes  perfectly  clear 
when  farther  diluted.  The  resinous  part  is  more  UifficulUy 
acted  on  by  this  acid,  and  produces  a  rctl  solution,  which, 
though  much  weaker  than  the  former,  throws  down  a 
its,  sticky,  inseluble  substance,  on  the  addition  of  a 
little  water. 

Nitric  acid  heated  on  aloesprodnccda  fire  yellow  powder,  Anton 
and  nearly  the  same  phenomena  as  those  obsertcd  by  Mr. 
Braconuot.     This   powder,  dilTused  in  a  little  water,  com. 

to  it  a  superb  purple,  very  rich  in  colour.     A  P'^i^f  pi 
single    atom  will   tinge  a  very   large  quantity    of    water,  ^^' 
This  colour  is  so  permanent,  thnt  the  skin  remains  d3-ed 
with  it  for  several  days,  particularly  if  an  alkaline  salifiable 
base  hare  been  previou>;ly  added-  to  th«  powder. 

Messrs.  B.  L.  and  V-  likewise  passed  a  current  of  oii.  Aciion 
mnrialic  acid  gas  into  a  concentrated  solutiou  of  aJoea  in  """"'' 
..  Vol.  XXVll.— SifpLEME-sT.  Bb  cold 
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gatonUi«pitrt  cold  water.  A  large  quaatitj  of  the  gas  was  absorbed, 
soii^  in  i^g^  ^Y^^  tolutioa  became  yellow,  aod  coagulated  like  ani- 
mal jelly,  so  as  to  become  almost  one  entire  mass.  The 
coagnlam,  when  separated,  was  of  a  whitbh  fellow,  but 
soon  turned  browns  After  being  washed,  it  was  Terj 
elastic,  insoluble  in  water  at  8^  R.  [50^F],  but  yerj  readily 
soluble  in  alcohol,  and  this  solution  was  copiously  pre* 
converted  it      cipitated  by  water.     Th^  oximuriatic  acid  gas  therefore  ap« 

into  a  kind  of    p^ars  in  some  sort  to  hare  resinified  the  portion  of  aloes 
resin.    .  ■^  ,  '^ 

soluble  in  water. 

Component  According  to  them,  succotrine  aloes  consbts  of  68  parts 

parts  of  aloes,    ^jit^^ct,  and  32  resin :  and  hepatic  aloes  is  composed  of  55 

extract,  42  resin,  and  6  insoluble  matter,  which  Tjromms* 

dorff  calls  albumen. 

(To  be  continued.) 


VITI. 

Communications  concerning  the  Ro^al  Botanical  Garden 
at  St.  Vincent^  from  its  Superintendani  Da.  Alexander 
Andekson,  to  Diu  C.  Taylob*« 


Dear  Sir, 


I 


Am  honoured  with  your  letter  of  the  26th  and  28th  of 

April,  with  the  21st  and  24th  yolumes  of  the  Transactions 

of  the  Society  of  Arts  ;  also  the  publication  on  the  Culture 

of  Black  Pepper,  for  which  I  feel  great  obligation  to  the 

Society. 

Cultivation  of       From  Mr.  Martyn's  account  of  the  pepper  plant,  I  am  in 

the  pepi^        hopes  that  it  will  succeed  in  this  grarden  ;  as  he  says  it  is 
plant  at  St.  *^  .  ,    _  &  ^  j 

Vincent's.         three  or  four  years  before  they  produce  in  the  East-Indies 

after  planting,  and  it  is  now  near  that  time  since  I  procured 
them,  and  there  are  sercral  Tery  luxuriant  at  present  f.     I 

am 

•  Trans,  of  the  Soc.  of  Arts,  vol.  xxvi,  p.  234. 

Success  of  the       -f  In  2l  subsequent  letter,  dated  June  the  19th,  1 809,  the  Dr.  says; 

black  p«pper    ,<*  {  have  the  pleasure  to  inform  the  Society,  that  the  black  pepper 

Woit  India       P^*"*  thrives  remarkably  well  in  this  garden,  and  has  been  pro- 

ducibg  fruit  more  than  a  yea^.  Some  of  its  produce  I  now  transmit 

to 
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am  happj  to  find  I  had  adopted  (he  mode  of  planting  thenr 
which  he  has  described. 

In  general  1  find  that  East.India  plants  are  more  rapid  io  In  the  West 
their  growth,  cifhcr  from  seeds  or  plants,  than  the  indigc- {jJ^I^^^J^ 
nons  plants  of  the  country,  and  arrire  at  peTfection  sooner ;  thrive,  Chinese 
but  the  rererse  is  the  case  with  the  Chinese.     There  is  at  ^  °^^* 
present  in  the  garden  a  large  tree  of  the  Htche^  sent  by  sir 
Joseph  Banks  in  1788,  which  as  yet  has  made  no  attempt 
to  flower.     I  experience  the  same  disposition  in  seyeral 
herbaceous  perennial  plants  from  China.     I  was  pleased  to 
see  a  specification  of  growth  of  trees  in  the  East  Indies,  bj 
Dr.  Roxburgh,   in  the  last  rolume  of  the  Transactions^ 
which  led  me  to  a  comparison  of  some  East  Indian  trees 
here,    and  also  of  some  natives;  and  I  find*  those  from 
India  thrive  full  as  well  hero  as  in  their  nati?o  soil.     The 
resnlt  I  send  you.     It  is  a  matter  of  coriosity,  rather  than  ( 

utility.     It  shows  the  rapid  progress  of  vegetation  in  tro- 
pical climates,  compared  with  that  in  the  colder  regions. 

Of  the  numberless  articles  for  commerce  and  economy,  Many  natural 
manufactured  in  the  East-Indies,  no  attention  is  paid  io  P^of  «ctj7n=« 

,  ,  ,  -     ,  r«.     neglected  for 

them  here,  although  many  of  them  are  common.      The  the  sugarcane. 

same  is  the  case  as  to  small  products  for  necessary  existence* 

This  is  owing  to  the  want  of  a  proper  population,  and  the 

high  price  of  manual  labour;     Except  in  Barbadoes,  and  a 

few  other  islands,  all  the  land  in  cultivation  is  engrossed  by 

the  sugar  cane.  No  room  is  left  for  poor  industrious  people,' 

unless  in  detached  spots. remote  from  towns,  markets, 'and 

shipping.     The  hard  woods  fit  for  mill  timber  are  more  at« 

tended  to  than  any  other,  and  they  undoubtedly  arc  the 

most  essential  article  to  the  planters,   yet  few  take  the 

trouble  to  plant  them,  or  give  room  for  them. 

You  mention  the  high  price  of  oak  bark  for  tanning.     I  Tan  to  be  had 
am  confident  we  have  many  barks  here  superior  to  it,  as  toj^^Ji^      *^^ 
the  astringent  principle.     Whether  our  barks  are  as  efiec« 
tual,  or  more  so,  than  the  oak  bark  in  tanning,  deserves  ex« 

to  you  for  the  Society's  in«ipection.  The  berries  are  collected  be- 
fore full  maturity.  1  find  it  is  a  plant  of  more  easy  cultivation 
than  I  conjectured*.     After  it  beg?ns  to  bear  there  is  no  intermission.  "  •  ' 

U  yields  its  berries  in  succession  during  the  year.  As  soon  as  one 
crop  comes  to  m^H^rity,  the  plant  reconimcuces  fioA^ering. 

B  b  2   ^  pcrimcDt.  ' 
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OVsticIes  at 
the  custeitt' 
house. 


perimcnt.  For  that  end  I  will  traDsmit  you  some  specimens 
by  the  first  opportanity.  The  barks  might  be  imported  at 
a  trifling  czpcnce,  unless  the  customhouse  duties  should  be 
found  to  prefent  them.  The  high  duties  and  prohibitions 
in  ihe  customhouse  preyent  screral  people  here  from  sending 
similar  articles  hence,  for  experiments,  as  well  asforspecu. 
lation  in  trade.  A  few  persons  in  this  island  wish  to  culti- 
Tate  the  cinnamon  for  commerce;  they  haye  asked  me  if  it 
can  be  entered  at  the  customhouse,  and  what  are  the  duties 
upon  it  ?  I  could  gire  them  no  information  as  to  either. 
The  oTcrhauling  and  pilfering,  by  the  customhouse  officers 
in  England,  of  articles  of  natural  history,  sent  as  speci- 
mens, is  rery  injurious  ;  such  things  should  be  held  sacred. 

Many  articles  heredcserye  to  be  subjected  to  experiments, 
from  which  I  am  prefentcd  by  the  necessary  attentions  to 
the  garden,  particularly  for  some  time  past.  The  business 
of  it  engrosses  all  my  time  and  cafe,  and  is  as  much  as  one 
indifidual  can  attend  to. 

I  will  endearour  to  obtain  a  correspondence  witl^  Dr. 
Roxburgh,  but  I  almost  despair  of  it  during  the  war.     I 
hare  correspondents  in  America,  whpm  I  can  depend  upon  ; 
but  the  conreyance,  through  the  medium  of  American  yes- 
Tels  to  these  islands,  is  very  precarious.     Some  time  ago  I 
lost  a  parcel  of  seeds  fl^om  New. York,  sent  in  charge  by  one 
Ktitmeg  killed  of  these  vessels.     I  belicre  I  mentioned,  that  I  have  lost 
one  of  my  nutmeg  plants,  for  which  I  blame  myself,   by 
too  much  attention  in  watering  it  in  dry  weather.     The 
other  thrives  remarkably  well,  and  is  now  above  ten  feet 
high  ;  but  if  it  proves  a  male,  I  am  at  a  stand.     Could  I 
find   the  opportunity  of    sending  by  a  flag  of  truce  to 
Cayenne,  I  know  I  could  get  a  supply. 
I  am,  with  most  sincere  regard, 
Dear  Sir, 
Your  much  obliged  and  ever  grateful  Servant, 

ALEXANDER  ANDERSOX. 
*  Botanical  Gar  deny  St,  Vincent  ^  Julj/^l^  1807. 


Crtrrespon- 

dence  inter- 
rupted by  the 
war« 


by  overwatcr 


BtSCK  |)l^|lper. 


Kutmeg. 


DEAR   SIR, 

I  Have  the  pleasure  to  inform  you,  that  some  of 
the  black  pepper  plants  are  now  pushing  out  freely  their 
fructification;  but  hare  to  lament;  that  the  only  uutmeg 


in 
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in  the  garden  prata  a  male,  and  there  is  no  prospect,  at 

present,  of  obtaining  more,  as  in  thl^  preEciil  sitiiatiuu  of 

aOkira,  no  communication  from  St.  Vincent  (u  Cayenne  cnn 

be  haJ  by  flags  of  truce  or  otherwise.     SeTeral  pUnfs  of  it  ChinMt  col.mj 

were  Jirunght  to  Trinidad  with  the  colony  of  the  CbineEe:  "  ''k"^*^- 

I  much  fear  they  are,  or  will  be  lost  there. 

I  »en<I  you  some  eloves,  about  two  thirds  of  the  produce  Ctairii, 
of  one  young  tree  for  the  ftrst  litno.  My  reason  for  truub. 
ling  tlie  Society  with  them  is  from  a  wish  tu  Itnow  whether 
drying  them  in  the  shade  or  sun  is  the  most  proper  mode, 
or  if  it  makes  any  diifertncc  in  the  quality  of  the  spice ;  If 
not,  Ikey  may  be  cared  in  the  sun  with  no  trouble,  in  a 
Tcry  short  time.  The  young  fruit  1  reserred  on  the  tree  for 
seed,  part  of  whic'h  was  beaten  off  by  the  wind,  and  seems 
to  me  little  inferior  to  the  flower  buds. 

On  reading,  in  the  Society's  Transaclion^,  Dr.  Roxburgh's  Siib<iiiut«>  for 
Experiments  on  the  Comparative  Qualities  of  Bark  of  East  '""'''• 
India  Plants  as  Substitutes  for  European  llemp",  I  was  in.  Fibres  of  iho 
duced  to  fry  the  leftTe*  of  the  agtne,  to  asceriain  how  far  ''""^ 
the  fibres  of  them  would  answer  the  purpose.     I  transmit  a 
Bpceimcn  of  them  for  the  society's  inspection.     The  small 
bundle,  tied  with  some  twine  made  of  the  same,  is  the  pro- 
duce of  one   moderate  sized   leaf,  and  was  obtained   front 
it,  immediately  cut  from  tlie  plant,  in  a  very  short  time. 
The  operation  was  performed  by  a  black  boy.     The  plant* 
»re  produced  in  abundance  by  nature  among  the  rocks  by 
the  seaside  and  barren  hills.     If  found  usiful,  any  quantity 
■nay  be  obtained  with  little  labour  and  no  expense  of  Grit 
cost.     The  superiur  advantage  over  the  East  India  articles 
(most  of  them  common  in  these  islands)  it  ihe  trlHini!  la. 
hour  requisite  to  get  ihe  fibres  from  the  Hoshy  substance  of 
the  leases  without  steeping,  or  any  other  previous  process. 
When  macerated  in  water,  1  think  it  lessens  the  strength 
of  the  tUfre,  and  gircS  it  a  du^ky  hue. 

The  three  small  bundles,  which  f  now  send,  w«re  taken  Much  vi'utd 
from  t.wo  species  common  in  St.  Vincent,  tiz,  agave  vivi- ,^^^  ' 
parOf    aoti  a.  cubemit.      The  leases  of   all   the  tropical 

•  See  Journal,  vol.  xi,  p.  32,  and  xvl,  p.  Si'3, 
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.  species  possess  much  the  same  properties.  By  the  ancieat 
MexicaQs,  the  agave  was  deemed  the  most  ralaable  pro. 
Maguei  of  the  dttctioQ  of  nature.  It  is  mentioned  by  all  the  Spanish 
Spauiards.  writers  on  America  under  the  name  maguei. 
Nodiinrattend-  It  IS  to  be  ob8er?ed|  that  no  article  in  these -islands, 
ediobutsugar.|,jj^gy^jj.  yaluable,    and  whatever  encouragement  may  be 

hdd  out  for  its  manufactnre,  will  be  attended  to  in  their 

present  situation.     The  sugar  cane  is  considered  as  the.  only 

plant,  that  merits  the  attention  of  the  planters. 

Substitutes  for       In  my  last  to  you  I  mentioned  barks  of  trees  in  these 

oak  bark.    "     >.i$]auds,  which  I  conceived  may  become  substitates  for  oak 

bark  in  tanning.,    I  transmit  you  specimens  from  five  dif« 

fereut   trees,    which  are  all  common,    and  consequently 

readily  procured,  if  they  prove  useful.*  That  of  the  ma/- 

jughra  I  know  the  Spaniards  use  on  the  main  land  with 

that  intention.     The  quantity  of  each  is  purposely  small, 

for  the  more  easy  conveyance,  and  prevention  of  difficulties 

at  the  customhouse.     However,  they  may  be  sufficient  for 

ascertaining  their  astringent  or  tanning  principle. 

In  consequence  of  the'war  cutting  off  most  of  my  oppor- 
tunities of  correspondence,  the  additions  to  the  garden  are 
much  less,  than  otherwise  they  would  have  been ;  however, 
almost  every  day  some  thing  or  other  is  obtained  from  some 
"Grains  of  P^^^  ^f  the  world.     What  I  have  long  wished  for,    the 

Paradise.  grains  of  Paradise,  are  thriving  luxuriantly.     By  the  last 

East  India        ^^^  ^  number  of  East  India  seeds  arrived ;  many  of  them 
seeds.  yfWi  |)e  valuable  acquisitions,  if  they  vegetate. 

I  am,  with  the  greatest  regard, 
Dear  Sir, 

Ypur  much  obliged. 

Most  humble  and  obedient  Servant, 
ALEXANDER  ANDERSON. 

&'/.  Vincent^  Botanical  Garden^ 
April  Uy  1808, 
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Tahie  of  the  Growth  of  certain  Trees  in  the  B&tankal  Growth  of 

Garden  at  St.  Vincent.  Y^ !"  t'*^ 

DOtamcal  gar- 

T«ctona  graodis— The  seeds  lie  in  the  ground  from  eighteen  months  te  den  at  St.  Vin- 
t«ro  years,  before  they  vegetate.     They  have  produced  seeds  in  the  ^d^''* 
garden  fen  years  ago. 

First  seeds  received  from  Sir  J.  Banks  in    1 788  ft.  in. 

Circumference  of  stem,  in  1807  at  6  ft  above  ground  4    6 

Caryott  urena,  seeds  from  Sir  J.  Banks, 

8apindiiseduIis,(Litcfae)  plant  from  ditto  1788 

Mimosa  Lebbeck,  seeds  da 

Sterculia  fceUda,  da  do. 

Gomutu  Palm,  seeds  from  Bd.  of  AgrL 

Artocarpus  tncisus,  small  plants 
integrifolius,  dp. 

Jarabolifera  pedunculata,  do. 

Aleurites  triloba,  seeds 

Eugenia  Malaccensis,  small  plants 

Mangifera  indica,  from  seeds 

Ditto^  smaQ  plants  from  £.  I. 

Natives. 
Swietenia  Mahagoni,  seeds  1790 

has  been  producing  plenty  of  seeds  for  ^  Do*  d    4 

several  years 
Copifra  officinalis,  seeds  from  the 

Continent  1790 

One  of  the  most  valuable  woods. 
Mimosa  grandis,  seedling  plant  from  the  >  tx  ^     /. 

Continent  \m\  ^"^  ^    « 

A  very  hard  and  valuable  wood. 
Carolinia  insignis,  seeds  from  Trinidad      1787  Do.  8     0 

The  wood  of  no  value. 

St.  Vincent,  July  21,  1807. 

A.  ANDERSON. 
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IX. 

On  the  Oxides  of  Iron.  JBy  Thomas  Thomson,  M.  D. 
F.  R.  S.  E.  Fellow  of  the  Imper.  Chudrurgo^Med. 
Acad,  of  Petersburg.  • 

\^  the  Annales  dc  Chimie  for  May  1809  (vol.  Ixx,  p.  145)  Remarks  on  Dr* 
there  is  an  article  by  Mr.  Hassenfralz,  of  which  the  follow.  chSmuJJ^'by 
ing  is  an  abstract.  Hastenfimu* 

**  I  have 
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<<  I  haTe  just  receiTed  a  copy  of  Thdmson's  System  of 
Chemistry  translated  by  RiflTaut.  I  opened  the  first  rolume, 
and  read  vith  eagerness  the  tenth  section,  which  treats  of 
iron.  The  details  published  in  that  section  were  the  more 
interesting  to  mr,  as  I  have  been  for  these  two  years  em- 
ployed by  the  minister  of  the  Interior,  to  describe  the  art 
of  extracting  iron  from  its  ores,  and  to  explain  the  dif- 
ferent operations,  which  it,  undergoes  before  it  is  brought 
into  the  commercial  world  in  the  states  of  cast  iron,  iron, 
and  steel.  You  may  guess  my  astonishment,  when  I  read 
the  following  passage.  ^  The  peroxide  of  iron  is  also 
found  native  in  great  abundance.  Proust  proved  it  to  be 
composed  of  4S  parts  of  origen  and  52  of  iron.  Conse^ 
quently  the  protoj^de^  tshcn  converted  into  red  oxide  absorbs 
6*40  of  oxigen  ;  or^  zchich  is  the  same  things  the  red  oxide 
ft  composed  of  66*5  parts  of  black  oxide y  and  33' 5 parts  of 
oxigen.  One  hundred  parts  of  iron^  xohen  converted  into  a 
protoxide^  absorb  37  parts  of  oxigen^  and  the  oxide  Keighs 
187/  when  converted  into  peroxide,  it  absorbs  55  addim 
tional  parts  of  oxigen,  and  the  oxide  weighs  192*3. 
FrounN  tc-  ^^  Proust  has  not  said,  in  any  work  that  I  know,  that 

co»m^  '^f  the  ^],e  ff^  oxide  is  composed  of  48  parts  of  oxigen  and  52 
'  '  of  iron.  What  may  have  led  Dr.  Thomson  into  errour 
is,  ,  that  in  the  memoir  of  the  celebrated  chemist  of 
Madrid,  published  in  vol.  xxiii,  p.  85,  of  the  Annates 
de  Chimie,  it  is  stated,  that  he  announces  the  existence  of 
the  two  oxides  of  iron,  the  one  at  fV^  of  oxi;^en,  tho  other 

A^  T7)7*  -^B  ^^  i^  ^^^  s^^^  i>^  ^^y  article  of  the  memoir, 
whether  the  48  of  oxigen  were  in  the  100  of  oxide,  or 
combined  with  IPO  of  metal,  this  manner  of  expressing 
the  proportion  of  oxigen  has  left  a  kind  of  uncertainty  in 
the  minds  of  those  chemists,  who  hare  made  no  experiments 
on  the  proportion  pf  o?;:igen  in  the  oxide  of  iron.  The 
learned  British  chemist,  who  certainly  has  made  no  experi. 
mcnt  to  resohe  the  question,  has  adopted  the  simplest 
meaning  of  the  fraction  ^Vt  >  ^"^  ^^*s  has  occasioned  the 
errour  in  the  passage,  whjch  I  have  quoted ;" 
tJMial  meaning  Mr.  Hasscnfratz  then  proceeds  to  show,  that  in  other 
of  htsfoictiooal  pjrts  of  his  writings  Proust  is  in  the  habit  of  denoting  by 
the  pi^merator  of  his  fraction  the  quantity  of  oxigen,  and 

by 
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B  dGnominator  Uic  qiianlily  of  mcUl :  of  course -A's 
mi'sn  an  oxidt!  conipused  of  100  iron  and  4S  o\rgen.  He 
(hen  procei'dit  lo  puiut  out  the  (ruo  composition  of  the 
Olid VH  of  iron,  and  thus  lu  correct  the  above  passage  in 
nty  Hurk.  But  it  is  not  nccessarj  to  traoecribc  the  rest  of 
hi«  pa|ier,  &%  He  had  alrcadv  published  an  elaborate  dis- 
sertation OD  (he  subject  in  the  Ixix  Tolamc  of  the  Annulet 
tie  Chimie,  in  which  the  subject  is  much  more  fully  tlis. 
cu5se<);  and  to  which  therefore  I  refer  the  render*. 

The  pcru!>al  of  Mr.  Rassenfratz's  paper.  While  it  eonvin.  {r^p^riin 
ced  mv  of  the  mislalti;  into  which  I  bad  fallen,  induced  me  '">i''""^ 
to  make  some  cxpeTimtnts  on  the  composition  of  the  onides  jimportir 
of  iron,  iu  order  to  icrify  and  cstaUlish  the  proportion*  "'"'''^•^ 
obtained  by  others.  My  object  at  present  is  to  state  the 
results  which  I  obtained. 

I.  The  red  oxide  of  iron,  or  the  oxide  containing  a  maxi-RedoxMi 
mum  of  oxigcn,  is  too  well  known  to  require  a  particular 
doscription   here.      Two   methods    have   been    followed  hyTwo met 
chemists,  to  ascertain   the  proportion  of  oxigen  which  ji'i"!''") " 
cofllains.     The  first  is  to  expose  a  determinate  weight  of 
iron  lu  a  red  h<'at,  triturating  it  orcasionally,  till  it  ceases 
to  acquire  any  additional  weight.     The  second  is  lo  disioKe 
iron  in  acids,  and  to  expose  ihe  salt  obtained  to  a  lieat  suf. 
fieiently  high  lo  decompose  it.     The  red  oxide  remains,  and 
it»  vcight  gires  the  addition,  which  the  iron  has  acquired 
by  its  uxidisemenl. 

The  first  melhud  appears  at  first  sight  easy,  bat  it  is  inlronRlioi 
reality  exceedingly  dilllrult.  Accordingly  the  ciperimcnts"""*" 
of  Scheffcr,  Morreau,  Lavoisier,  Darso,  Bucholz,  sod 
llasscnfralE  differ  so  much  from  each  other,  lhatnosalis« 
factory  conclusion  can  be  drawn  from  them.  I  consider 
the  experiment  of  ilassenfralz  as  the  most  atcuralc.  100 
jiarts  of  iron  in  his  trial  were  convened  into  \i5  of  red 
oxidet.  In  Darso'n  experiment  100  parts  of  iron  were 
augmented  to  156  of  red  oxide  *.     But  as  this  groady  ex. 

"  A  Iranslatinti  of  this  paper  ii  iiilendecl  r>r  Insertion  in  this 
Journal  at  uii  early  ojiiwrl unity.  A  shorter  paper  of  Hansen fraii  ou 
IheMmesulijet'loccvirsin  vol.  xxvi,  p,47.     C. 

t  Ann,  de  Chim.  vol.  I.wii,  p.  300.  Journal,  vol.  x\vi,  p.  UT. 

;  Journal  de  Phvs.  1909  torn,  ii,  p.  394.  Journal  vol.  xvii,  p.3:i». 
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ceeds  what  was  obtained  by  eiery  other- person,  we  mutt 

•appose  a  mistake.     I  hare  not  tried  this  method^  being 

deterred  by  its  uncertainty* 

*j)iffi<niYt  t-^  fnd     The  sec.ond  method  is  easier,  and  more  satisfactory.  The 

iron  perfectly    greatest  dilBculty,  to  which  it  is  liable,  is  that  of  procuring 

iron  in  a  state  of  absolute  purity,  to  makeczpefiments  upon* 

I  haTe  tried  many  Tarieties,  and  hare  applied  to  those  artists, 

who  were  likely  to  hare  iron  in  the  greatest  purity.     But 

hitherto  I  have  not  been  Incky  enough  to  find  a  single  spe« 

5pectTnf!M       cimea  absolutely  pure.     I  was  obliged  therefore  to  analyse 

9iatAfa^         ^]i^  specimens  which  I ,  employed,  and  to  make  allowance 

for  the  impurities,  which  yaried  in  different  specimens  from 

F/KbM  iron    Tre^  ^  rr^'^v^^  P3''^  ^^  ^^^  whole.     Polished  iron  wire  is 

var«best.         most  conTenient.     Iron  filings,    unless  made  on  purpose, 

-are  not  sufficiently  pure,  and  it  is  more  difficult  to  dissolro 

'them  completely  than  iron  wire. 

pissoWed  in         ^^  grains  of  iron  wire  were  dissolred  in  diluted  nitric 

Aiuic  acid.        ||(^j.     Xhe  solution  goes  on  rapidly,  and  is  at  first  opake, 

and  almost  black,  owing  to  the  nitrous  gas  which  it  retains* 

This  gas  gradually  separates,  and  then  the  liquid  is  nearly 

colourless.     When  concentrated  it  becomes  of  a  brownish 

Jle4uced  to  red  y<^iiow  colour.     It  was  etaporated  to  drjmess,  and  exposed 

oxide  for  a  quarter  of  an  hour  to  a  red  heat  in  a  platinum  crucible. 

The  red  oxide  thus   obtained  weighed  142*6  grains.     In 

another  experiment  made  in  the  same  way  lOOi  grains  of 

gained  near  45  '^^^^  ^'^'"^  converted  into  144*75  of  red  oxide.     This  last 

£er  c.iu.  result  I  consider  as  the  most  correct,  because  it  coincides 

nearly  with  the  result  obtained  by  Ilassenfratz  in  a  different 

manner,  and  because  in  experiments  of  this  nature,  where 

liquids  are  evaporated  to  dryness,  there  is  always  a  risk  of 

some  loss  during  the  evaporation.     On   this  account,    in 

making  choice  of  various   results,    that  which  gives  the 

greatest  weight  has  the  most  chance  of  being  correct.    Upon 

the  whole  then  we  may  conclude  with  considerable  proba. 

bility,  that  the  red  oxide  of  iron  is  composed  of  100  iron 

and  45  oxigen. 

It  could  not  ^  *"^*^^  *^  deprive  the  red  oxide  of  iron  of  part  of  its 

be  deoxidated    oxigen  by  various  methods,  but  without  success.  No  degree 

y   eat  a  (lie,  ^^  i^^^^^  which  I  could  raise,  was  capable  of  disengaging 

oxigen  gas  from  it;  though  the  oxide  acquired  a  black 

colour 
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colour.     When  Ihe  re<l  oxide  h  miicJ  witli  oil,  and  licated  l""  "iil<  ihn 
to  redness,  it  becomes  black,  ant!  is  aftracled  by  the  mag-  bt^'^""^  ''' 
net;   but  its  weight  is   not  allered.      Intli!ed,   if  wc   repeat nciic;  ihuugh 
the  experimcol  a  great  number  of  times  with  (he  same  por-  ^Jp^itoiria 
tiot)   of  oxide,    (he  weight  rather  increases.      When  red ''eight.  . 

oxide  is  heated  with  charcoal,  it  is  reduced  to  tte  metallic  r^'^^'*'"'"' 
state. 

When  iron  is  dissohed  in  solphiiric  acid,  the  solution  Iron  dUmiifid 
Ovaporalcd  to  dryness  and  exposed  toa  strong  heat,  the  J^'J.*," ''''""*= 
■ulpburicaciJ  \i  dissipated,  and  red  oxide  of  iron  obtiiined. 
But  experiments  made  in  this  way  do  not  lend  to  a  fnlisfac.  n«iiU« onsaiiai 
tory  result.     100  parts  of  iron  (hns  (realcd  were  cooTerted  |j,""l'^™'J]3  '*'* 
into  150  parts  of  red  oxide.     But  it  was  not  quite  pure,  still  idj. 
containing   traces  of  sulphuric  acid.     This  was  Ihe  case 
eten  when  the  oxide  had  been  exposed  lo  a  heat  sufEcieutto 
calcine  carbonate   of  lime.     The   results  wcro  not  more 
sattsfttctor}-,  when  the  iron  was  precipitated  from  sulphuric 
acid  by  an  alkali.     The  oxide  obUincd,  though  carefully 
edulcorated,    still   contained   sulphtiric  acid.      For  when 
dissolted  in    muriatic    acid,    and   mixed  with  muriate  of 
barylcs,  a  white  insoluble  precipitate  fell. 

II.  To  ascertain  the  proportion  of  oxigcn  in  the  black  DiffimiT  in  u. 
oxide  of  iron  is  a  more  difficnit  task.  1  shall  relate  (he  «■  ?,o",t,'"i ISf  ''™* 
periments  which  I  made  in  order  to  determine  tlie  point.       black(ui:de. 

1.  When  100  grains  of  iron  are  dissoKed  in  dihiled  sul- Iron 4iss.i|ie4 
phuric  acid,  the  hidrogen  gas  produced  amounts  to  IfiS'-l  i,"  uriu'Icidl' 
cubic  inches,  at  the  tcmpemture  of  60*,  and  when  the 
barometer  stands  at  30  inches.  Two  cxpcrimenls  were 
made,  each  of  which  gave  exactly  the  same  result.  Now  it 
is  wcH  known,  that  when  iron  is  diEsoUcd  in  this  manner,  it 
is  conyertcd  into  black  oxide.  Water  is  decomposed,  the 
hidrogen  of  which  escapes  in  the  form  of  gas,  while  the 
oxigcD  unites  with  the  iron.  It  has  been  established,  that 
(he  constituents  of  water,  reduced  to  Ihe  gaseous  slate, 
consist  of  2  parts  liy  bulk  of  hidrogen  and  1  part  of  oxigcn. 
Ilcnce  in  this  case  ihe  oxigeii,  which  combined  with  thu 
100  grains  of  iron,  and  conrerted  it  into  black  oxide,  is 
cqnitalcDt  to  81-7  cubic  inches.  Now  81-7  cubic  inches  of 
oxigen  gaii  weigh,  according  to  Ihecxpcrimsnts  of  Latoisier 
and  Davy,  27-93  grains;  according  tu  UiO±>C  of  Allen  and 

3  I***)"  
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Pepjs  37*63  grains*    The  abore  experiments  of  mine  were 

Bade  at  (he  temperature  of  45^.    If  the  rapour  of  water 

be  subtracted  according  to  Mr.  Daltou's  formula,  it  vill 

diminish  the  weight  of  the  oxigen  about  one  third  of  a 

Black  oTitde      8^"*     I^  follows  pretty  nearly  from  these  data,  that  black 

comuim  27-5  of  oxide  of  iron  is  composed  of  100  parts  by  weight  of  iron 

wcqrnioioo   and  ^.5  of  oxigen.     Bergman,  Berthollet,  Vandermonde, 

and  Monge  made  many  experiments  on  the  quantity  of 

hidrogen  gas  giren  out,  when  iron  is  dissolfed  in  diluted 

sulphuric  acid;   but  their  results  differ  so  much  among 

^emselT'es,  owing  probably  to  the  great  difference  in  the 

purity  of  the  different  specimens  of  iron  employed,  that  no 

satisfactory  consequences  can  be  deduced  from  them. 

In^n  wire  bum*     ^*  ^^^1  '^^^^  ^^^^  '^  burnt  in  oxigen  gas,  it  is  conyerted 

*diQoxigea     into  black  oxide.     Mr.  LaToisier  made  many  experiments 

^^  on  this  combustion,  from  which  he  concluded,  that  KX> 

parts  of  iron  combine  with  between  S%  and  35  parts  of 

oxigen*.     I  repeated   thb  experiment  sereral  times,  with 

erery  possible    precaution  to  insure  accuracy.     All  the 

trials  corresponded  so  nearly,  that  it  will  be  only  necessary 

to  state  one  of  them.    11*81  grains  of  iron  wire  were  burnt 

in   oxigen  gas.     The  black  oxide  formed  weighed  15*01 

grains.     Hence  100  parts  of  iron  would  by  this  process 

Jheicndt        1>A^®  ^®n  conrerted  into  127*09  grains.     This  result  agrees 

•fnied  with  the  nearly  with  the*  preceding*     The  proportion   of  oxigen, 

which  .appears  to  combine  with  the  iron,  is  indeed  a  little 

lower.     But  the  reason  I  belicTe  to  be,  that,  during  the 

.  combustion  of    the  iron,    small  particles   of  it  are   dis. 

sipated  in  sparks,  which  cannot  afterward  be  collected  and 

weighed.     This  quantity  is  indeed  rery  minute  ;  but  still  it 

is  something,  and  may  be  seen  very  well,  when  we  ex^. 

mine  the   cloth  upon  which  the  oxide  is  washed.     If  it 

amounted  in  the  preceding  experiment  to  the  20th  part  of 

a  grain,  it  would  bring  up  the  proportion  of  oxigen  to 

27*5,  the  same  which  was  deduced  from  the  hidrogen  gas 

emitted  during  the  solution  of  iron  in  diluted  sulphuric 

acid. 

The  bUck  ox-  •      3.  When  black  oxide  of  iron  is  dissoWed  in  nitric  acid, 

idedittoltcd  in  jj^^  solution  evaporated  to  dryness,  and  the  dry  mass  exposed 

*  Annales  de  Chimie,  torn,  l^^  19. 
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4u  a  ri^d  heal,  it  is  conTerttdinto  red  oxide.     This  famishes"'"'*^" 
us  with  another  method  of  Fslimatin^  the  qiiaatity  of  oxigcn  „^_ 
in  black  oxide  of  iron.     Bncholz  had  recourse  to  it,  and 
found,  (hat  100  parts  of  black  o\ide  arc  by  this  trealTncnt 
converted  into  110  of  red   oxido*.      On   repeating;  the  ex. 
perimcnl,   I  found  it   attended  with   more   iliSicultf  tbun  I  This  » 
expt'Ctrd.     It  is  not  easy  (o  procure  black  onidc  in  a  state '"'""  ** 
of  purity.     My  first  trials  ditTcrcd  so  much  from  each  other, 
that  I  Has  obliged  to  conclude,  that  mj black  oxide  contained 
tome  red  oxide  railed   with  it.     Another  diificulty  is   to 
lUssolve  black  oxide  of  iron  in  nitric  acid.     It  resists  tlie 
action  of  that  acid  with  great  obstinacy,  eien  when  in  the 
■tate  of  a  fine  ponder.     After  repealed  failures,  I  at  last 
■ucccceded  in  obtaining  results,    which  agreed  nilli   each 
other.     The  following  I  consider  as  the  most  accurate  of  The  m' 
tiicse.     16*77  grains  of  pure  black  oxide  were  dissolted  in  ="^"'*" 
nitric  acid.     The  solution  was  evaporated  to  dryness,  and 
the  dry  mass  eipot<cd  lo  a  red  heal,  in  a  platinum  cruiible. 
It  weighed  19' I  grains.      Hence  lUO  grains   of  bUck   oiiile 
by  this  treatment  would  hare  been  conTcrle<l  into  1 IJ-89 
grains  of  red  oiide.     Now  if  red  oxide  be  a  rnmpound  of 
loo  metal  and  4i  oxigen,  it  is  obfious,  that  1I3-S9  grains 
of  red  otidc  contain  7S-5  grains  of  metal,  therefore  100 
partj  of  black  oxide  are  composed  of  78-5  metal  and  31-5  gavpinn' 
oiigen,  or  the  oxide  consists  of  100  metal  combined  with  27  "''>'"^* 
•xigcn — a  result  which  agrees  very  nearly  with  that  deduced 
from  the  two  proceeding  sets  of  experiments, 

[    introduced     300    grains    of     polished    iron   wlrelninw'r 
hto  a  porcelain  tube,  placed  the  lube  in  a  furnace  bori-^j^^^'L  ^'' 
lualally,  heated  it  to  redne«s,  and  then  caused  a  cnnrnt  of  iceaoi. 
D  to  pass  through  it  for  several  hours,     liy  this  procesi 
well  known  that  the  iron  h  converted  into  black  oxide, 
while  hidrugeu  gas  Is  evoivcd  in  abundance.  The  evoluiiun  of 
this  gas  is  accounted  for  by  the  decomposition  of  the  sieam. 
The  osigen  ia  conceived  to  unite  with  the  iron,  while  ihs 
hidrogcn  passes  oif  in  the  form  of  gas.     By  this  method  I 
expected  to  be  abld  to  ascertain  directly  the  increase  of 
weight,  which  lakes  place  when  ifon  is  converted  into  black 
^ASide.     Bull  uas  divappgiutcd.     Though  thu  experiments  Rtsutu 
*Jou;n>l,  vol.  axv,  p.  3.H. 
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were  made  with  great  care,  thej  presented  anomalies,  wliich 

it  was  impossible  to  reconcile  with  the  opinions  at  present 

receiTcd.     I  shall  describe  one  of  my  experiments  partica^ 

Oneexperi-      larlj.     Of  the  300  grains  of  iron  introduced,  63*37  grains 
mentdesCTibcd.  ^^^^  g^jj,  ^^„„^j  j^  ^j^g  g^^^^  ^f  ^^^^  ^^  ^^le  end  of  the  ex- 

^  perimcnt.  The  surface  indeed  had  lost  its  lustre,  bat  the 
malleability  and  other  qualities  remained.  The  specific  gra- 
Tity  of  the  black  oxide  formed  was  5*025,  which  agrees 
nearly  with  that  of  specular  iron  ore.  The  hidrogen  gas 
ef  olTcd,  reduced  to  the  temp.'  of  60^,  barometer  30  inches^ 
measured  415*5  cubic  inches.  Hence  the  oxigcn,  whicb 
combined  with  the  236*63  grains  of  iron  that  had  been  con* 
terted  into  black  oxide,  must  have  been  equivalent  to  207*75 
cubic  inches,  or  69  grains  nearly.  But  if  236*63  grains  of 
iron  combine  with  69  grains  of  oxigen  to  be  converted  inta 
black  oxide,  it  is  obvious,  that  100  grains  would  have  com- 
bined with  29*1  grains  of  oxigen.  This  is  a  greater  pro-i 
portion  than  results  from  the  preceding  experiments;  bat 
the  apparent  differences  was  probably  owing  to  the  surface 
of  the  wire,  which  still  retained  its  ductility,  being  oxi« 
diz^.  Were  we  to  suppose  14*3  grains  of  that  portion  to  be 
oxidized  (and  some  of  it  certainly  was,  as  it  had  alF  lost  its 
lustre)  it  would  reconcile  this  experiment  with  the  preceding. 

Increase  of  But  if  the  236*63  grains  of  iron  had  combined  with  69 

weight  above    grains  of  oxigen,  they  ought  to  have  weighed  305-63  grains. 

gen  expended.  But  the  actual  weight  was  found  to  be  330*68  grains,  or  25 
grains  heavier  than  they  ought  to  have  been  from  theory^ 
This  increase  of  weight,  which  was  constant  in  all  my  trials, 
caiinot  be  accounted  for  on  the  present  universally  received 

Was  this  ow^tng  chemical  theory;  unless  we  suppose,  that  a  little  water,  as 

to  water  com-    ^gj|  ^^g  oxjgen    has  actually  combined  with  the  iron — a  sup- 
bined  with  the  "^    ,'  •'  _  *^ 

Iron?  position  which  was  strenuously  maintained  by  Dr.  Priestley. 

I  attempted  to  ascertain  exactly  how  much  of  the  water  had 
disappeared  in  a  similar  experiment,  but  the  apparatus  used- 
was  so  bulky,  that  I  could  not  weigh  it  with  sufficient  pre-' 
cision,  to  determine  so  delicate  a  point. 

5.  From  the  whole  of  these  experiments  it  seems  to  fol- 
low, that  black  oxide  of  iron  is  composed  of  100  parts  of 
metal  and  about  27*5  of  oiigen. 
ThrnarcVs  III.  When  iron  is  dissolved  in  diluted  sulphuric  acid, of 

it  bC; precipitated  by  an  alkali,  a  white  po'^der  falls,  which. 

Thcnard 
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Thenard  considers  as  a,  peculiar  oxide.     According  to  hini 

there  are  three  oxides  of  iron,  the  tshite^  the  green^  and 

the  red*.     I  prepared  a  quantity  of  this  supposed  uhiie 

oxide  with  all  the  requisite  precautions,  but  on  attempting 

to  dry  it,  the  colou.r  soon  changed.     It  became  first  greea^ 

then  black,  and  last  of  all  red,     100  grains  of  iron  treated 

in  this  way  were  converted  into  168*4  grains  of  a  red  poir« 

der,  which  lost  no  weight  in  a  red  heat.     This  red  powder 

contained  a  good  deal  of  sulphuric  acid ;  for,   when  dis«« 

soWed  in  muriatic  acid,  muriate  of  barytes  threw  down  a  a  subsulpluite. 

copious  white  precipitate.     Hence  it  is  obTious,  that  the 

supposed  white  oxide  is  a  subsulphate  of  iron.     In  my  ex* 

periment  the  quantity  of  sulphuric  acid  present  was  about 

13*4  grains.      If  sulphate  of  iron  reduced  to  powder  be 

digested  in  alcohol,  it  is  conrerted  into  a  similar  white  snb* 

sulphate. 

ly.  In  some  of  my  experiments  on  the  ores  of  iron,  the  Sappoied  m- 
result  which'I  obtained  did  not  correspond  with  *the  notion  ^**  P'***"^**^' 
which  I  entertained  of  the  composition  of  black  oxide  of 
kon :  the  oxide  exapiined  contained  less  oxigen.     Hence  I  , 
concluded,  that  there  was  an  oxide  of  iron  in  nature  con* 
taining  less  oxigen  than  black  oxide.     But  it  is  obvious,  that 
what  I  at  thai  time  considered  as  a  new  oxide  is  in  realitj 
black  oxide,  and  that  my  black  oxide  was  in  reality  a  mix* 
ture  of  the  black  and  the  red.     I  allude  to  my  analysts  oi 
iserine  and  of  iron  sand;  published  some  time  ago  in  the 
6th  volume  of  the  Transactions  of  the  Royal  Society  of 
Edinburghf. 

V.  I  know  not  whether  I  ought  to  notice  a  remark,  with  strictures  on 
which  Mr.  Hassenfratz  concludes  the  paper  quoted  in   the ^^*®  *"'^'*'^'* 

*  norwciidature 

beginning  of  this  dissertation.     ''Dr,  fhomson,"  says  he,  by  Hasseufra'x 

^^  or  his  translator,  employs  in  the  passage  above  quoted 

two  new  word9;   I.  protoxide  to.  signify  (he  oxide  with  a        .^ 

minimum  of  oxigen  ;  %,  peroxide  for  the  oxide  with  a  max« 

imum  of  oxigen."     Fourcroy  and  Hauy,  he  tells  us,  hail 

already  used  the  word  oxidule  to  denote  the  black  oxide* 

He  then  proceeds  to  explain  the  etymology  of  the  two  terms 

which  I  employ.     The  Greek  numeral  7^:1/10;  prefixed  to 

•Journal,  vol. Kiv,  p. 224. 

t  See  Journal,  vol.  xxviii,  p.  19. 
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oside5  he  sAy  s,  constitutes  the  first ;  and  the  Greek  preposition 
rY>^  prefixed  constitutes  iiie  second.     Had  Mr.  Hasseofrats 
taken  the  trouble  to  consult  mj  work,  Tolume  1,  p.  140, 
(3d.  edition)  he  would  ha?e  seen,  ihiit  peroxide  was  fernied 
bj  joining  the  Latin  preposition  per  to  the  word  oxide;  and 
that,  according  to  a  rcry  common  use  of  that  preposition 
in  composition,  the  word  peroxide  means  a  metal  thoroughly 
oxidized,  or  saturated  with  oxigen.     He  then   proposes  to 
substitute  for  the  words  protoxide  and  peroxide  the  words 
microsoxide  and  megaloxidcj  which  he  sajs  are  much  more 
precise.     I  believe  it  to  be  unnecessary  to  make  any  obser* 
rations  on   this  proposed  substitution.     In  what  respect 
these  words  are  more  precise  than  mine,  or  indeed  so  pre- 
cise, I  am  at  a  loss  to  conceive.   They  signify  literally  Utile 
^   oxide  and  great  oxide^   phrases  which  lead  us  rather  to 
attend  to  the  bulk  of  the  substances,  than  to  the  propor- 
tiori  of  oxigen  which  they  contain.     But  even  supposing 
them  equally  or  even  more  precise,  still  they  could  not  be 
substituted  for  mine;    because  we  require  a  method  of 
naming  all  the  oxides  of  a  metal,  cTen  when  they  exceed 
two.     My  method  supplies  such  a  nomenclature;  but  Mr. 
Hassenfratz^s  method,  eren  if  we  were  to  introduce  also 
hb  words  oxidule  and  oxidisque^  supplies  no  such  nomen- 
clature.    The  same  insurmountable  objection  applies  to  the 
oxidule  of  Fourcroy  and  Hauy.     Besides,  Mr.  Hassenfratz 
forget«t,  that  the  term  oxidule^  though  it  docs  well  enough  in 
French,  may  not  be  suited  to  other  languages.     For  in- 
stance it  would  neither  be  introduced  into   English  nor 
German,    without  doing  Tiolence  to  the  genius  of  both 
languages.    ^ 

VI.  The  preceding  experiments  were  made  about  a  year 
ago;  indeed  immediately  after  perusing  Mr.  Hassenfrats's 
dissertation.  I  publish  them  at  present,  to  put  tha  che- 
mical public  on  their  guard  respecting  the  inaccurate  state- 
ment of  the  composition  of  oxides  of  iron,  which  I  hare 
introduced  into  my  St/stem  of  Chemistry.  I  Inserted  the 
result  of  them  in  the  appendix  to  the  4th  edition  of  that 
work;  but  thought  it  requisite  likewise  to  publish  the  de- 
tails, that  those  who  are  in  possession  of  preceding  editions 
may  be  aware  of  the  inaccuracy  and  correct  it. 
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A.  De  Luc,  Esq.  F.R.S. 


•  Machine;  ihtnomg 
licetn  Bodiet.     fiy  J. 


I.  HE  invention  of  the  elettrie  machine,  which  has  been  rtiTentiooof 
ilhin  my  time,  and  of  which  I  have  followed  the  progress,  "'^  ^«"i« 
WBS,  wiih  respect  to  the  long  known  effeclH  of^Xion  do 
\tter   and   oth^r  subttances,    what  Si;;.  Volta'k  pite  has 
been  to  the  diacovery  made  by  Sig.  GaUaiii  of  the  motion 
produced  in  the  limbs  of  a  recently  dead  fro^  by  the  a*io- 
ciaticiit  of  two  proper  tnrtali  .■  1   mean,  that,  by   increasing 
!  efT^cIti,  a   particiilBi-^viff  ha»  been   touiid   to  be  the 
e  ul'  both.      However,  though  tjiis^iiiii  ha«  been  so  long  ETistnTaiid 
discorered  by  che  eUclric   machint,  its   nature   has   not   ytt  P'<»I'«" ''''''• 
agreed  upon  among  all  experimental  philosophera. 
rapid  woliou  communicated  to  aniall  globes  ol  ditlheiit 
■ubstaucea,  rubbed  by  the  hands.  Has  Tound  to  produce 
certain  efl«clH  witceplihlc  of  being  pro|<^igittEd  at  an   utih- 
niited  distarxe  through  metallic  Mirea,   ^tiBpcnded   by   iilk, 
sup|iorted  by  glast;   and  rhese  i.'ir<.i.'ts  consisted,  not  only 
greater  mationi  of  bodies  than   nerc   pi'O'liiced  by  the 
ic/ioN  of  amber,  but  in  strong  lumtHoui  phenutQenn. 
V«L.  XXVm.— No.  UC— Jan.  IIJi.  B        The 
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Two  kinds  of 
tltctricity. 


This  new 
ftfent, 


f'ranklin^ 
theory. 


txp««^d[  to 
strong  objfL-c- 


iMHSi 


fifl  remoTed' 
hj  Volu. 


The  greatest  effect  o^ friction  before  observed  having 
been  produced  by  resinous  bodies^  globes  were  made  of 
them,  especially  of  sulphur,  for  electric  machines,  at  the 
•ame  time  us  globes  of  ^/<t«#,  and  they  both  produced  the 
divergence  of  pairs  of  balls ;  but  it  was  soon  observed y  that 
the  divergence  produced  by  one  kiud  of  globe  was  destroyed 
by  the  other  kind  :  whence  arose  the  system  of  two  kinds 
o^  electricity f  which  were  supposed  to  neutralize  each  other 
when  united,  and  to  be  manifested  only  when  separated, 
producing  then  their  peculiar  etftcts;  one  of  them  was  called 
vitreous  and  the  other  resinous. 

This  new  object  oi  study  engrossed  the  attention  of  all 
natural  philosophers,  not  only  on  its  own  account,  but  be- 
cause of  the  deficienc}'  of  kuown  agents  in  a  great  number 
of  natural  phenomena  ;  and  this  interest  having  been  in- 
cretised,  when  the  analogy  between  lightning  and  some  of 
the  effects  protluced  by  the  electric  machine  was  discovered, 
no  wonder  that  many  htisty  systems  were  formed  for  ap- 
plying tills  new,  but  undetermined  agent,  to  various  plic«^ 
i>^mena  not  yet  satisfacloiily  explained,  even  to  the  motions 
of  celestial  bodies. 

The  idea  of  two  different  electricities  continued  predo- 
minant amang  natural  philosophers,  till  Dr,  Franklin  ex- 
plained the  difference  between  the  electric  p})enomena  at- 
tributed to  this  double  cause  by  only  more  or  /ess  {plus  or 
winus)  of  the  same  fluid  :  but  as  this  ingenious  experimental 
philosopher  assigned  the  intermediate  state  l>etweeu  plus  and 
minus  to  a  certain  quantity  of  electric  Jiuid  belonging  ta 
bodies,,  his  theory,  though  adopted  by  the  majority  of  eleo 
triciaus,  remained  subject  to  inf^nperable  objections  under 
this  fflrm  ;  which  objections  nobody  more  forcibly  urge;! 
than  Dr.  Peart,  to  whom  nu  solid  answer  has  been  made, 
nor  could  be  made,  as  lor.'>r  us  the  tlieorv  remained  on  the 
same  fouudatioH.  Thus  many  experimental  philosophers 
have  retained  the  idea  of  two  distinct  ^wiW^,  as  producing 
tliese  two  effects  whieh  destroy  each  other:  but  dift'ereut 
hypotheses  have  been  frlimed  on  the  nature  of  these  fluiiU, 
which  have  been  even  transfornied  into  certain  properties 
belonging  to  iKKlies.  However  the  duration  of  this  variety 
of  systems  proeeedti  only  from  a  want  of  attention  to  the 

complete 
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complete  solution  of  all  the  difficukies,  which  occurred  in 
llie  oysuim  of  p/ui  and  miuut,  given  liy  Si;{.  Voita,  in  fixing 
itiv  TfBl  point  to  which  ibfsit; potitive  and  negalite  quantities 
a.e  to  be  rt^l'erred,  namely,  the  aclual,  but  difiereut  at  dil- 
feffiii  time?,  flcclr/c  Slate  of  ihe  ambient  air. 

Accordin^i;  theivfore  to  this  sy&leni,  all  the  ehctric  phe-  OdIt 
noinena  are  produced  by  one  Jluid,  the  modifications  of '  "  "*"■ 
which  in  lerrettriul  phenomena  deserve  the  most  attc-utive 
iiad  uii«iJuou8  study  of  all  experimental  philosophers:  but 
HO  agreement  atnong  them,  either  on  the  impovtauce  of 
tliib  study,  or  on  tliu  mode  of  its  pursuit,  cod  be  expected, 
us  loiii^  lis  ihcy  kIiuII  be  eo  far  divided  in  their  opiniontt  on 
the  nature  of  ibis  i>g«nt,  us  to  leave  a  doubt  whether  it  con- 
sistsof  one  and  the  same,  or  two  distincI^Niifi,  or  even  of 
some  properiies  of  botlies. 

FrieliiiA  between  bodies  being  the  only  method,  hitherts  Expctin 

kiiowii,  by  which  can  be  produced  at  will  ihe  two  kinds  of  "?,..* 
..',,,;,  ,,  ,  ofincm 

eletinc  tigna,  I  thought  iliut  the  most  direct  and  sure  me- 
thod of  coming  to  a  better  knowledge  of  their  meaning  was 
to  study  them  at  tile  orii;in  of  the  two  distinct  phenotneaa  ; 
Biid  1  uudertoolf  a  aeries  of  experiments  on  the  eHects  of 
//(Cdon  between  various  kinds  of  bodies;  ivsutating  those 
which  are  more  or  lesa  eondnrlon,  and  applying f/ec(rMcop^jr 
to  both  the  bodies  which  exercised  /riclion  on  each  other  ; 
in  ordi'r  to  obbi-rve  the  modificatioas  thus  produced,  uot 
only  on  the  uonconttiifling,  but  on  the  conducting  bodicii, 
I  made  these  experiments  with  large  apparatusses,  by  wiiich 
tlie  reciprocal  cH'ecIs  ni friction  between  various  bodies  were 
mauife»(cd  by  the  moiioiis  of  pairs  of  bulls  ;  and  from  theia 
I  derived,  without  exception,  the  theory  which  I  shall  first 
explain,  and  then  prove  by  an  account  of  sDU)e  of  the  prin- 
cipal experiments. 

I.  The  eteetric  fluid  resiides  on  all  terrestrial  bodies,  every  Theorf. 
particle  of  itir  included;  being  ri-toined   upon  them   by  o*""^""! 
Riutunl  attraction,  which  however  diifers  in  degree,  accord-  duciur*. 
ing  to  ihe  bodies:  some  attract  iht:  elettrie fiuid  only  when 
il  comes  into  contact  with  them,  but  then  ii  adheres  strongly 
to  the  porta  which  receive  it,   moving  very  slowly  along  the 
turfmi:  of  tJiese  l>odies,  which  therefore  are  noMimdatloTtz     . 
•tilers  r«K'ei*e  it  «t  ttotc  or  lew   diitancv,  and  it   il  prop«- 
;t;  i  gated 
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gated  more  or  lets  rapidly  alofiig  their  surface.      Glaitf 
^  though  ttbsolotely  impenetrabU  to  the  ekeirh  maiter  (as  I 

>>j  iMve'explaioed  in  the  preceding  |Mper)  permitt  the  electric 

^  flmd  (i«  e.  electric  matter  united  with  vector)  to  more  with  a 

^  8eD8ii>le  progress  along  it^  surface*      i*. . 

b     EffKts  ol  Irio-     S*  Friction  excited  between  two  bodies  has  no  other  effect 

than  that  of  disturbing  the  n^Uml •equiUMum  of  the  eiectrie 
JUud^  which  tends  always  to  be  produced  among  all  bodies 
according  to  its  actuml  (but  local*  in  a  certain  ejLtent)  quan- 
tity on  them  and  in  the  aai6ieiir  air*  If  both  the  bodies, 
^  which  exercise yHrliofi  on  each  other,  are  good  conductors, 

^  this  disturba .ice,  the  equilibrium  being  constantly  restored, 

.«3  is  not  perceived  ;  but  if  one  has  more  disposition  than  the 

J  other  to  attract  the  eiectrie  fluid  thus  agitated,  with  the  fu- 

rl culty  of  transmitting  it  to  its  remote  parts ;  when  they  are 

^  separated,  either  suddenly,  or  in  general  before  the  equili" 

hrtum  of  the  fluid  can  be  restored  between  them,  one  is  found 
poftftUf,asha¥ing  acrquired  a  praportionarquantity  of  electric 
fluid  greater  than  the  ambient  air,  and  the  other  negative^ 
as  having*lost  that  quantity ;  both  being  supposed  to  hare 
prciriously  possessed  the  same  electric  state  as  the  ambient 
air, 

H.  The  general  effect  therefore  of  fliction  between  two 
bodies  is,  that  one  never  becomes  positive^  without  the  other 
being  made  negative  (or  vice  versa).  This  evident  proof, 
that  all  the  eiectrie  phenomena  which  we  are  hitherto  able  to 
produce  at  will,  namely  by  flnction,  proceed  from  the^  dis- 
turbance of  the  equilibrium  of  only  one  fluid,  will  be  atforded 
by  the  experimeotft,  which  I  shall  here  relate  after  another 
remark. 
Negattvc  and       Mr.  Cavallo,  in  his  Complete  Treatise  on  Electricity,  (3(1 

jlni^rUtt^of     *^'^  ^^^-  *•  P*  ^^-^  ^^  P^*^^"  "  **^'^  containing  the  results  of 

dtSerrnt  bo-     his  experiments  oF  this  kind,  wherein  is  found,  that  certain 

Jk»,  bui  dif-     i,t>^,et  become  either  positifte  or  negative^  according  to  those 

file  tame  b«dy.  by  which  they  are  rubbed.    This  circumstance  had  already 

fthown,  that  negative  and  positive  mere  not  properties  belon^- 

log  lo  cer'uin  bodies,  but  only  different  states  produced  on 

'  the  same  body  by  different  circumstances,  and  in  particular 

br  the  difference  of  those  which  exercise  friction  on  it : 
K«»wever,  there  remained  to  be  known  what  effect,  in  the 

latter 
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luUer  case,  wbs  produced  on  each  of  the  bodies  which  exer- 
ciwd  thuiJriclioH.  ThU  had  been  one  of  my  objects  in 
the  above  mentioned  experimeiiw ;  for  which  purpose  t 
kept  insvlaltd  both  hodieB  exertisin  g/ric/ion  on  eucli  other, 
applying  to  ihetn  ilectroscopc$.  It  )■  by  exper'itneoti  thus 
performed,  thut  I  found  the  geneml  law  above  expreiwed  ; 
for  when  any  of  the  bodies,  which  may  be  rendified  either 
posilivtOT  ncf^aliee  bj /rietian,  was  brought  to  one  of  these 
statei,  the  body  which  had  ciercibed  it  was  coostaiitly  found 
yi  the  opposite  state  :  if  the  former  became  poiiihe,  it  had 
laken  %ome  efftlrir^fiiiid  trom,  and  ii  *egaliBe,  it  had  yielded 
ittme  Jiuid  to,  the  body  which  had  exerciaedyiicf/oa  upon 
it.  Such  are  the  effects,  which  will  be  seen  in  the  following 
esperiineDt>i, 

The  small  apparatus,  which  1  am  eoinit  lo  describe,  v»»  Appa/w 
not  at  first  intended  for  this  purpose  ;  my  view  in  its  con- prate  iheii* 
struclion  having  been  to  prove  the  kind  of  uoalogy  which  i"!''''?  b"" 
1  have  established  in  my  former  paper,  between  the  eleHric  i,ic  niftchi^^ 
machine  and  the  electric  column,  and  even  the  pile,  with  re-  *'"'  P''" 
apect  to  it*  elecliie  properly;  the  only  diHerence  in  thU 
respect  between  the  electric  inuchtne  and  the  lutter  iustru- 
luenta  being,  that,  as  in  the  former  the  effect  is  produced 
hf  Jrielioti,  it  requires  a  mechaoirul  proce8i  for  its  conti- 
nuance; while  ill  the  column  and  in  the  pile  it  is  produced 
by  only  the  association  of  two  proper  melatt.  The  surest 
mode  of  following  the  course  of  the  electric Jluid,  when  its 
e(|uilibriuin  is  disturbed,  is  by  the  molions  of  electroseope* ; 
but  the  imm«'diale  comparison  which  1  had  in  view  could 
not  be  made  with  any  of  the  Uiuul  electric  machines  ;  as  the 
^oAi-Zeq/ being  the  only  elerlroicope,  tlmt  cuu  be  effected 
fay  a' pile  or  column  of  a  modei-ute  size,  it  would  be  torn  to 
pieces  by  the  smallest  electric  machine  hitherto  used.  This 
made  me  think  of  the  construction  of  so  small  an  eleetrie 
machine,  thai  the  gold-leaf  electroscope  should  not  be  more 
effected  by  it  than  by  my  largest  column  ;  but  after  the  first 
experiment)  1  wa«  induced  lo  construct  this  small  uppuratna 
so  as  to  be  applied  to  experiments  concerning  the  different 
effects  of  Jrielion  between  different  bodies. 

18  of  this  instrument,  aa  represented  in  the  J''''*.'PP*'> 
St  tp   ""' 
the 
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Apparatus  6^  the  spectator,  half  those  of  the  original ;  the  other  parts 
^^*  diminishing  as  required  hy  perspective.     A  wooden  base  1, 

1»  on  which  the  different  parts  of  the  apparatus  are  fixed, 
musty  during  the  experiments,  be  fastened  to  a  table,  by 
"proper  vices,  in  order  to  make  it  steady  while  the  instru- 
ment is  worked.  On  this  base  are  solidly  fixed  two  wooden 
pHlars,  2  and  3,  the  former  of  which  is  bored  a  little  way 
in,  at  the  top  4,  in  a  horizontal  direction,  for  receiving  one 
end  of  different  spindfeSf  as  5,  the  other  end  of  which  is 
lodged  in  a  groove  at  the  top  of  the  pillar  3,  and  project 
outwards  to  receive  a  winch  6,  by  which  all  the  spindles 
are  made  to  revolve :  they  are  prevented  from  moving 
upwards  In  the  groove  by  a  piece  of  wood  7*  placed 
when  they  have  been  laid  in,  and  outwards,  by  a  ridge  on 
the  spindle^  bearing  against  the  pillar  3  (as  5,  fig.  6.).  The 
pnrne^eonductor  8,  is  made  of  a  brass  tube  stopped  at  each 
end;  it  is  supported  by  a  glass  pillar  9,  covered  with  insu- 
lating varnish,  and  fixed,  on  th^  base  1,  1,  by  its  own 
wooden  base  10.  One  end  of  this  coit<fvc/or  communicates 
with  the  jpf?u//f5  of  whatever  kind,  by  means  of  a  very  thin 
slip  of  whale-bone  covered  with  gilt  paper,  fixed  to  a  brass 
piece,  which  screws  into  the  end  of  this  conductor  :  this 
screw  has  some  length,  in  order  to  move  it  backwards  or 
forwards,  so  that  the  extremity  12  of  the  whale-bone  sPip 
may  attain  the  proper  point  of  the  spindie:  the  slip,  which 
is  elastic,  presses  against  the  spindle  by  a  natural  bent  up^ 
wards.  This  part  of  the  apparatus  is  the  most  difficult  to 
adjust;  the  proper  bearing  of  the  extremity  12  of  the 
slip,  on  the  difi*erent  spindles^  must  be  found  by  trials  ;  in 
general,  it  must  bear,  beneath  the  spindles^  at  a  small 
distance  from  the  extremity  l6  of  the  various  rubbers.  The 
other  end  of  the  prime'conductor  communicates  with  the 
gotd'haf  electroscope  1 L 

There  are  different  kinds  of  rubbers^  but  they  are  all 
fixed  in  the  same  manner  to  the  apparatus :  they  consist, 
either  wholly,  or  in  great  part,  of  a  very  elastic  brass  lamina, 
and  differ  only  by  that  end  of  them,  l6,  which  presses  on 
the  spindle  :  the  other  end  enters  laterally,  and  is  fixed  by 
a  wedge,  into  a  notch  horizontally  cut  in  the  part  \5  of  a 
''jbrass  piece   13»  held  on  the  top  of  a  glass  pillar,    14, 

covered 
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covered  with  an  insulating  varnish*  and  solidly  fixed  into 
the  wooden  base,  1,  1.  The  different  kinds  of  rubbers 
must  press  with  different  degrees  of  force,  according  to 
thrir  nature,  and  yiel^l  always  easily  to  the  ineqoaHtiea  of 
the  spindles.  For  these  purposes,  a  part  of  the  pres- 
sure is  exercised  by  one  or  two  additional  bmas  8prtn^» 
as  at  17,  pressing  on  the  main  spring  l6.  The  brass  piece 
13,  by  the  wire  !8,  serves  as  conductor  from  the  different 
rubbers  to  the  gold-leaf  electroscope  19,  Another  wire» 
iixed  to  the  same  piece  at  the  point  QO,  projects  from  itf 
and  is  terminated  by  a  hook  Ql :  this  hook  is  to  recehre,  oo« 
<^u$iona11y,  the  hook  33,  of  a  wire  belonging  to  a  ghss  tube 
tilled  with  water  33,  the  other  wire  of  which  is  hooked  to 
the  prime  conductor  at  the  point  34.  The  hook  33  is  com- 
monly held  up  by  a  silk  thread,  passing  over  an  insulated 
pulley  35,  and  stopped  at  the  bottom  by  a  bead  fisced  to 
the  thread,  in  a  notch  of  the  brass  piece  S6 ;  the  bead  it 
disengaged  when  the  hook  23  is  to  come  down  into  tho 
hook  31. 

Such  is  the  general  description  of  the  apparatus,  and  I  DlfficuUto  r»- 
come  to  the  experiments;  beginning  this  account  by  tbose  i^^^^ ^^f ^ 
which  [  had  principally  in  view  in  its  construction,  namelvs  ooluao. 
to  have  an  electric  machine  with  a  power  not  exceeding  that 
of  my  electric  column  of  OOO  ijroups,  for  the  purpose  of  com- 
paring their  correspondent  effects.    I  made  many  trials  be- 
fore I  could  bring  an  electric  machine  down   to  so  small  a 
power;  the    following  was  that   which   nearly  succeeded, 
though  still  too  strong. 

Exp.  1.  The  spindle^  5,  is  here  a  solid  glass  cylinder  Exp.  1. 
very  little  above  ^  of  an  inch  diameter;  it  is  covered  with 
sealing  wax  at  both  ends,  for  the  purpose  of  insulating  a 
naked  part,  about  f  of  an  inch  in  length,  in  the  middle  of 
which  the /fiction  is  produced.  1  he  rubber  is  a  simple  brass 
spring,  so  bent  at  its  extremity,  1 6,  as  to  fit  the  upper  part 
of  the  g/oj*  cylinder. 

This  apparatus  in  fact  is  an  electric  machine^  with  a  glass  simw?  the 
cv/iiider  of  only  4^  of  an  inch  diameter;  however,  small  as 'T*"  ^'V^"^**' 
it  18,  it  must  be  moved  very  slowly,  or  \.\\e  gold  leaves  would  fluid  acting  ia! 
have  greater  motions  in  striking  the  sides,  than  they  have^^'P*!®* 
at  the  extremities  of  my  column  of  600  groups,  even  in  the 

time 


TnohOtu 

entj  one  fluid 
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time  of  it*  greuiekt  ai'troa.  This  exppriment  tbrr^fore  ili- 
rectly  shous  huw  tinull  is  tlie  quantity  at  cteilrie  Jiuiil, 
which,  muditiH  in  the  pi/e,  produces  bucli  great  chtmical 
and  phytiological  efie<?i9  ;  and  the  roMowinj^  will  ptnve.  (liat 
the  Ntofion  of  the  ehetric Jiiud  Ik  the  iume  in  both  iiistni- 
lugli  jiroduced  by  different  causes. 
£j7i.  9.  While  the  mnchine  is  in  motion, if  I  loosen  the 
•ilk  thread  whii-h  holds  up  the  hook,  1%  of  the  wire  belong- 
ing to  the  glati  tube  with  water,  '23,  in  order  thut  it  may 
fall  into  the  hook,  SI,  and  that  the  coiu  muni  cat  ion  may  be 
thus  establiibed  between  the  i-u6Afraiid  the  prime  conttuetor 
through  the  waltr  of  the  gluts  lube  ;  at  the  instant  that  the 
hooki  come  into  contart  wiih  each  olher,  the  fery  small 
(juantity  of  electric  Jiuid  there  in  motion  pervading  the 
vjater,  the  gold  leaees  fall  in  both  elect rosoo pes,  and  never 
rise  though  the  machine  be  kept  in  motion.  This  is  the 
ume  effect  as  is  produced  on  tliu  column  in  erp,  iQ  of  th« 
former  paper ;  for  the  divergence  ceases  aUo  iu  both  its 
electroscopes,  when  3  tlmilar /ufre  connects  its  exlremilies: 
ia  both  cases,  the  e/eciric^oid,  which  tends  to  accumulate 
CD  one  side,  passes  instantly  to  the  other,  and  thun  keeps  up 
the  equihbrium.  That  such  is  the  tffect  of  the  {ireulaiion 
of  only  one  and  the  same  Jiuid  set  iu  motion,  by  Jrieiiatt 
in  the  electric  machine,  and  by  the  asHOcialion  of  the  two 
meltUs  !d  the  column,  will  be  proved  by  the  effects  of  fric- 
tion, an  instauce  of  which  is  already  seen  in  the  former 

In  the  above  experiment,  _/riWioH  is  exercised  between 
two  bodies,  one  of  which  ranks  among  the  best  conductori, 
namely  brast;  however  the  effect  is  observed  upon  it,  be* 
caute  it  is  insulated:  the  other  is  the  glass  cylinder,  which, 
passing  under  the  braii  rubber,  certainly  lakes  electric  Jlnid 
from  it,  ^ince,  transmitting  some  to  the  prime  conductor, 
and  by  this  to  the  electroscope  )),  the  latter  diverges  po»- 
(tce/y  ;  and  since  at  the  same  time  the  brass  takes  off'  some 
^uid  from  the  electroscope   19,  which  thus  diverges  nega- 

This  experiment  showB  moreover  what  is  the  effect  of  the 
tnelallic  amalgam  laid  on  the  rubbers  of  the  usual  tiertrie 
machines.     The  base  of  those  rubbers  must  be  a  cusbioo, 
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r  ill  order  to  yield  to  the  inequalities  i>t  the  cj/lintlers  o'  pJ«let 
{,  while  it  pressei  upon  iliein  ;  but  the  inateriiilii  of  the  cu- 
■hions  ure  not  suffitiently  eondurlihg  to  permit  the  loss, 
which  its  riihbcd  purl  undergoes,  of  ihe^uiif  carried  off  by 
the  g-ZaiT,  to  he  soon  repaired  ly  i)ie  ground;  whereas  thiu 
is  effecti'd  by  the  mclallic  amalgam,  from  which  the  glait 
takes  reBdily  snine  tlttlric  fluid,  us,  in  ihe  aiuive  ex|)eri' 
rneiU,  it  tukes  it  Trom  the  hrast  tiiblier.  Metallic  p/alet 
would  produee  the  wime  elTeet  on  the,ci/lin(lerii  anii  plalf$u( 
thelrie  merhines,  if  the  former  were  sufiieienlly  pliuble. 

The  general  effect  ot  Jrietton   between   two   bodies,  as  I  General  eflact 
hiive  said  ubove,  is,  that  if  one  becomes  poiHiee  or  negative,       "*""" 
th«  other  is  found  in  a  contrary  state.-    Thiit  holds  not  only 
between  bodies  of  diflt^rent  natures,  but  even   hetwetn  llie 
same  kinds  of  bodies,  if  one  hn  oiiide  to  pnss  in  length  over 
one  part  ooly  of  the  other.     'I  hi«  effect  cmiiiot  be  observed 
with  perfect  cundmiors,  us  on  them  the  i-quililirium  of  the 
tlntrirjtuid  is  instantly  restored  ;  but  there  is  a  known  ex-  e'^mplified 
erimeiit  lUHde  with  tun  pinces  of  the  same  silk  ubttnd,  in  ^,^„.c„  ^r,;. 
hich,  by  making  oi.e  piece  to  puss  rapidly  in  length  on  one  band,  and 
,|nrt  only  of  the  other,  the  fuimer  becomes  pusiihe,  by  eur- 
rjingoff  soitje  e/eclric  JIuid   from  the  latter,  which   thus  is 
rendered  nrgalice,  by   loaing  that  fluid.     1   have   tried  the 
SBOieesperiment  «ilh  glass,  in  the  followiug  manner. 

Eip.  3.  Al  ihe  end  of  u  brass  spring  I  li\ed  a  flat  piece  P-'p-  3.  wiA 
of  the  same  ^/.iM  as  tiie  smull  ijliuder,  and  used  it  as  a*'""' 
rubbtr,  in  the  same  manner  as  in  the  former  exiierinieuts. 
Both  pieces  of  glass  being  therefore  iiuulaled,  there  whs  nu 
sensible  effect  on  either  of  the  electrosco[ies;  us  the  im- 
mediate effect  and  consequence  of  Jriction  between  the^ 
small  bodies,  being  couhned  within  the  bodies  themselvtK,  , 
were  loo  small  to  be  perceived.  1  then  held  m\  linger  on 
the  brass  spring  near  the  flat  piece  of  glau.  in  order  to  re- 
store lo  the  latter,  from  the  ground,  Xhejinid  carrietl  off  by 
the  gtais  cylinder ;  and  having  turned  nipidly  the  winch  for 
■  little  time,  Ihe  electroscope  II  diverged  posilireli/,  Thi« 
is  the  same  effect  as  produced  on  the  ribantl  passing  rapidly 
over  a  part  nnly  of  another  similur:  the  giai>,  which  turned, 
cmrried  off  some  eleelrie  ^uid  from  the  other  glass,  which 
rubbed  only  on  one  point;  and  ss  the  latter  now  re- 
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paired  its  losses  from  my  finj]feT,  the  cyrmder,  wf  trb  receivc<l 
more  Jtuid,  communicating  tliiJ3  more  of  il  to  the  prime 
conductor,  that  qnuntity  became  sensible  to  the  electroscope 
1  !•  The  gfass  rubber,  nnder<;oin^  the?»e  losses^  vrm  at 
every  instant  i*endered  negaiivfy  but  jiot  in  a  perceptible 
manner,  because  its  losses  were  also  instantly  repaired  from 
my  finger,  which,  being  in  the  way,  prevented  the  elec- 
troscope 11  from  showing  this  state. 
{•p.  4.  Expm  4.     I  covered  with  sealing  wax  the  under  part  of 

^»|^J|j>»  !>••  the  extremity  |6  of  a  brass  rubber,  similar  to  that  of 
iMlie^iBi  -^^P*  '»  *"^  made  the  trox  rub  the  gfass  cylinder;  this 
produced  a  little  divergence  in  the  electroscope  11,  which 
was  positieey  but  none  in  the  electroscope  IJ).  This  at  first 
appears  contrary  to  the  above  law,  namely,  that  one  of  the 
bodies,  which  ruh  each  other,  cun  acquire  some  electm 
Jluid  only  by  taking  it  from  the  other,  which  must  become 
uegalive*  But  afterward  I  considered,  that  the  sealing 
waXf  here  a  mere  lamina,  covering  the  brass  spring,  being 
impermeable  to  the  electric  fluids  the  quantity  carried  off 
by  the  glass  cylinder  from  its  free  surface  could  not  be 
repaired  through  it  by  the  brass,  which  therefore  lost  no 
sensible  quantity  of  the  Jlnid.  In  consequence  of  this  idea» 
'  1  changed  the  rubber  in  the  manner  represented  by  the 
se|>ardte^i;['»  A.  A  piece  of  sealing  teax  about  |  of  an  inch 
thick,  cut  underneath  so  as  to  fit  the  s[lass  cylinder,  is  held 
in  its  upper  part  by  a  doubled  \mce  of  thin  brass  (one  side 
of  which  is  seen  in  <2)  ;  and  on  its  top  is  soldered  a  brass 
springs,  the  opposite  end  of  which  is  placed,  as  usnal,  in 
the  brass  piece  13,  communicating  with  electr.  ip.  By 
this  construction,  while  the  sealing  wax  loses  some  electric 
fluid  to  the  glass  cylinder  which  revolves  against  it,  this 
loss  ii>  repaired  by  the  fluid  proceeding  from  the  brass  (as 
from  ^2,  fig.  A),  moving  alofig  the  side  of  the  piece  of 
scaling  wax^  which  thus  is  enabled  to  yield  more  fluid  to 
the  glass  cylinder.  Thus  the  electroscope  ]  1  has  a  muck 
greater  positive  divergence  thi>n  before,  and  the  electro-* 
Hcope  19  has  now  a  great  negaiiee  divergence,  because  the 
brass  spring,  communicating  with  it,  loses  some  electric 
flniili  by  yielding  it  to  the  scaling  wax. 

Exp.  5, 
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^       Exp,  5*    In  a  piece  of  brass  similar  to  the  above, ^^*  Exp.  5. 

f   A,  instead  oT sealing  waxt  I  placed  a  piece  of  Caoutchouc^  rubT*"***"^ 

or  Indian  rubber  ot  the  same  shape  as  the  wax.     This  body 

produced  here  a  singular  phenomenon  (observed  in  other 

cases)  which  characterizes  the  manner  in  which yV*t^/t9fi  acts 

in  these  phenomena;   its  effects  changing,   according  to 

circumstances  foreign   to   the   intrinsic  nature  of   bodies. 

This  experiment  is  difficult,  on  account  of  the  tendency  of 

the  Indian  rubber  to  stick  to  the  giaxs  cylinder^  by  which 

\     the  former  is  torn  or  distigured  if  the  pressure  is  too  great, 

f    or  the  motion  too  rapid :   it  is  therefore  necessary  to  find 

the  proper  degree  of  both.     Now,  according  to   these    (or 

[     other  un perceived  circumstances)  having  repeated  this  ex« 

'      periment  on  different  days,  sometimes  the  giass  took   off 

some  electric 'Jiuid  from  the  indian  rubber ^  and  made  th< 

electroscope  1 1  diverge  positively ;  at  other  times   it  was 

the  reverse;  and  in  both  cases  the  indian  rubber  was  in  the 

state  opposite  to  that  of  the  g/ass  cylindery  as  shown  by  the 

electroscope  I9» 

JSjtP'  6.  it  has  been  seen  in  exp.  1,  that  a  brass  rubber,  Exp.  6, 
applied  to  the  ]i|f/a55  cylinder,  becomes  n^^i^olm,  the  latter  P"***  ""^  **■** 
'becoming  positive.  I  covered  a  similar  glass  cylinder  with 
a  thick  coating  of  sealing  wax,  and  applied  to  it  a  brass 
rubber  of  the  same  breadth  as  the  former,  fitted  to  the 
^fating  wax  cylinder:  it  produced  no  sensible  effect.  1  / 
fluspected,  that  this  rnbher  was  too  wide:  because  thus  em* 
bracing,  in  a  great  length,  half  the  circumference  of  the 
sealing  wax  cylinder,  which  c^stantly  revolved  agaitist  it^ 
the  sealing  wax  lost  and  regained  alternately  electric  Jim'd 
on  too  great  a  surface;  for  the  point  12,  with  which  com- 
municates the  prime  conductor,  to  preserve  any  sensible 
change.  With  this  idea,  I  reduced  the  breadth  of  the  brass 
rol>ber,  in  the  part  bearing  on  the  sealing  wax,  to  -^  of  ati 
•rnch;  placing  the  i>oint  19  of  the  prime  conductor,  immedir 
ately  under  and  very  near  the  extremity  of  the  rubber^ 
Then  the  electroscope  11,  communicating  with  the  rubbed 
sealing  wax,  divefored  negatively,  and  the  electroscope  19, 
communicating  with  the  brass  rubber,  diverged  positively. 

This  experiment  shows,  in  the  first  place,  the  errour  of  Distinction  of 

a  distinction  between   bodies  as  electrics  and  aneUetrics  eledrics  prt  sa 

y  1     ..  •    improper. 
I^eiectric  ^ 
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(electric  per  sc^  and  electric  &y  communitaiiont  as  they  have 
been  also  called);  coosidcrin^  yrtVlioa  hm  the  teat  between 
these  two  classes  of  bodies,  and  placing  metmh  foremost  ' 
among  the  amelecirics.     But  it  is  seen  in  the  above  experi- 
ments, that  there  is  no  such  distinction,  since  brtus  under*  *  j 
goes,  by  friction^  changes  in  its  eUctrie  state,  as  well  as 
resinous  bodies  and  ^ia«#:  only  these  changes,  in  conduct- 
ing bodies,  cannot  be  manifested  without  insulmthn ;  and 
the  want  of  this  condition  in  the  expenments  of  former 
electricians  was  tlie  cause  of  the  errour* 
N(*'ther  are        '  The  same  experiments-show  also,  that  brass  (as  a  metai) 
kinds  of  eleo   ^^comes  either  positive  or  negative^  according  to  the  body  with 
tridtj.  which  it  undergoesyrtcf  ton.   In  the  above  experiment  xY^ebrau 

rubber  was  made  positive ^  because  it  took  off  some  electric 
Jiuid  from  sealing^tvax ;  butinfjtper.  1  it  was  made  negm^ 
iive^  because  it  lost  some  of  thtjlvid  to  giass.  But  thit 
ditference  in  the  electric  state  of  the  same  body,  by  the 
difference  of  thone  with  which  it  undergoes  friction^  ex* 
tends  farther  ;  and  the  following  experiment  will  show  the 
errour  of  the  distinction  between  two  electricities,  in  which 
one  is  called  r^mou «  and  the  other  vitreous  ;  and  in  general 
between  tvtojiuidsy  or  two  electric  properties  in  different 
boilies* 
Exper.  7.  Expcr.  ?.     It  has  been  seen  in  the  last  experiment*  that 

ard  India         ^''^  sealing-wax  cylinder  wab^niadenfipa/ice,  by  being  rubbed 
rubber.  with   brass.     Td  the  same  cylinder    I  applied  the  iudian 

rubber ;  and  with  the  smallest  pressure  (to  prevent  adhesion), 
and  a  very  slow  motion  of  tile  ivinch,  the  gold  leaves  struck 
so  rapidly  in  both  electroscopes,  that,  in  order  to  try  the 
kinds  of  divergences  produced,  I  was  obliged  to  stop  at  one 
part  only  of  a  revolution :  then  I  found  constantly,  that 
the  sealing-wax^  which  in  the  above  experiment  was  ren- 
dered negative  by  brass j  now  became  f>05t(tef ;  and  that  the 
Indian  rubber^  which  in  exper.  5  became  aometimea 
positive  with  the  glass  cylinder,  was  here  constantly  nega^ 
tive.  Therefore  sealing-wax  itself  either  loses  or gaius  some 
electric fluidy  according  to  the  body  which  exercisea/Hr/tra 
upon  it,  and  the  rubbing  bodies  always  experience  the 
contrary  effect. 

I  htne 
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1  have  made  various  experiments  of  the  same  kind,  with  Farther  proof 

various  bodies,  all  affording  the  same  ireneral  result ;  but  I  °^  «  bodyb©- 
^  .  coming  iMMii** 

ihall   only  relate  one  more,  fipving  aiftother  example  of  •  tive  or  iieg»- 

body  which  becomes  either  positive  or  negative  according  to  ^^^^ 

die  other  body  with  which  it  undergoes  yWcf tow*     This  is^i 

iDe  of  the  beads,  of  the  size  and  colour  of  cherries,  worn 

by  iodian  women,  which,  as  Dr.  Lind  informs  me,  consist 

of  an  inspissated  vegetable  oil:  they  are  not  soluble  by 

arater,  and  are  very  elastic. 

Exper*  8.     I  mounted  one  of  these  heads  on  a  spindh,  as  Exp.  t. 
in  fig.  B.     The 'bet^df  I,  is  traversed  by  a  small  giass  axis, 
8,  2,   covered  with  sealing-'WaXy  to  the  ends  of  which  are 
adapted  pieces  of  wood,  3  and  4,  on  the  first  of  which  is  ' 

seen,  at  5,  the  ridge  before  menttoned,  which  prevents  the 
ifimdUs  from  coming  out  when  placed  between  the  pillars  of 
the  apparatus* 

I.  With  a  narrow  brass  rubber,  the  extremity  of  which  is 
fitted  to  the  form  of  the  bead^  the  slowest  motion  of  the 
iriDch  renders  the  bead  negatroe,  and  the  brass  rubber 
positive. 

S.  With  a  seaRng'Wax  rubber  like  that  fig.  A,  but  fitted 
lo  the  form  of  the  bead^  with  very  little  pressure  ar^d 
notion,  the  bead  becomes  positive,  and  the  sealing-wax 
■egative. 

.  Such  are  the  constant  phenomena  observed  at  the,  fou n- p^jction  only 
tain  head  of  all  the  electric  effects^   which  it  is  in  our  power  d>«tarbt  the 
so  produce;  and  they  depend  onfriction^  respecting  which  thedectrSr 
rarious  systems  have  been  fabricated.     Now  from  the  whole  fluid; 
ttnour  of  these  experiments  it  may  be  laid  down  as  a  funda- 
mental   truth   in  terrestrial    physics,  that  friction   has  no 
kther  influence  in  e/<'c/ric  phenomena,  than  that  of  disturb- 
iiif2^  the  equilibrium  of  the  e/ectric  JIuid,   in  such  a  manner, 
khat  one  body,   by  arquving  a  certain  quantity  of  it  above 
«hat  it  had  before,  is  rendered  positive,  and  ihat  the  other 
It  found  negative,  as  havino   lost  that  quanlity.     It  is  only  gp^j^  j,  ^j^p^ 
ahcn  its  equilibrium  is  disturbed,  that  ihe  electric  Jiuid  in  ^^^^^^  ^j^^^^^^^^ 
aanifested  to  us:  the  electroscope  is  our  fir^t  test  of  this  ^'^  **** 
jtsturbance;  but  if  the    Lollies,    either   conductors   them- 
ipelves,    or  associated  with   conductors,  are  of   a  sufficient' 
iie,  and  theelectiicdifTLTence  between  them  has  arrived  to 

a  certain 
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•  certain  degree,  it  is  manifested  by  a  spark  darting  froi 
one  to  the  other,  and  the  eqniiibrium  is  tho»  rtrstored* 

i  cannot  but  consider  the  fixation  of  this  point,  after 
many  controversies,  as  being  no  less  conducive  to  thi 
^*  advance  of  our  knowledge  in  the  mase  of  ttrrestrial  causes^ 
than  the  determinations  concerning  air  and  the-  cause  of 
keat.i  and  no  experiments  and  observations  appear  to  me  to  ^ 
deserve  more  the  joint  endeavours  of  experimental  philoso-  I 
phers,  than  those  concerning  the  modifications  of  the  I 
electric  Jluidp  in  the  atmosphere  and  in  the  ground^  of^. 
which,  in  my  former  paper,  I  have  shown  the  great  influx] 
eace  in  terrestrial  phenomena*  I 

Ashjie/dt  near  Honiton, 
l>>lh  October,.  1810. 
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Comparative  Examination  of  the  Mucous  Acid  firmed  By  thi^^ 
Action  of  Nitric  Acid  on  Gums  and  on  Sugar  of  Milk.  I 
Bjf  A.  Laugiea*.  I 

Lime  in  the  JVILr.  VAUQLuELIN,  by  his  experiments  on  gums 
immadiate  arabic  and  traj^acanth,  has  ascertained  the  existence  of  a 
vrgQtab'es.       considerable  portion  of  lime  in  the  immediate  principles  of  j 

vegetables.     The  reading  of  his  paper  suggested  to  me  th< 

following  reflexions. 
Whitbecomet      Ibt,  What  becomes  of  the  lime  contained  in  these  gums,, 
▼•rting  eun^"' '^^^^  they  are  treated  with  nitric  acid,  in  order  to  obtaiti 
Into  raucous     the  mucous  acid  ? 
^"   *  2dly,  Does  it  not  combine  with  the  oxalic  acid,  which  u^ 

formed  almost  at  the  same  time  as  the  mucous  ? 

3dly,  As  the  oxalate  of  lime  is  more  insoluble  in   water 

than  the  mucous  acid,  does  it  not  fall  down  wUh  this  acic^ 

when  the  residuum  oft  the  process  is  washed,  and  occasiol] 

a  sensible  alteration  of  its  properties  ? 

4thlr,  How  may  we  ascertain  the  presence  of  oxalate  o| 

lime  in  the  mucous  acid  obtained  from  gums,  and  separate] 

this  calcareous  salt  from  the  acid,  the  purity  of  which  it 

affects  ? 

*  Abridged  from  the  Annal.  de  Cbim.  vol.  LXXII,  p,  tit. 
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To  solve  these  questions  I  undertook  the  following  expe-  Expcrimeiitd 
rim  cots.  ^  ^o  fin<*  ^hi*. 

I   dig;ettted   60  gram.  [926*4  grs.]  of  gum  tragacaoth  in  Gum  tr?)(ai- 
eight  times  their  weight  of  pure  nitric  acid  at  36*  [sp.  grav.  """^ <;*»"- 
1-333];   heated   the  mixture,  till   it    was  reduced   to  the  muoous  acid, 
consistence  of  honey  ;  and  then  added  a  sufficient  quantity 
of  water. 

This  would  not  dissolve  a  white,  pulverulent  substance^ 
which,  collected  on  a  filter  and  drie^l  in  the  open  air, 
weighed  9*5  gram.  [146*7  grs].  This  was  mucous  acid* 
The  liquid  containing  the  solubte  portion  of  the  mixture 
was  of  a  yellow  colour*  1  evaporated  it,  till  the  woment 
I  perceived  a  slight  pellicle  form  on  its  surface,  when  I 
removed  it  from  the  fire.  As  it  cooled,  it  deposited  a  great 
quantity  of  crystals,  some  in  laminae,  others  in  needles 
easily  |)erceived  to  be  oxalic  acid.  To  separate  this  acid  Oxalic ickl 
from  the  mucous,  I  poured  on  the  mixture  alcohol  at  40*  ' 

[sp.  grnv.  0*817])  which  dissolved  the  oxalic  acid,  without 
acting  on  the  mucous.  Thi«,  collected  on  a  filter,  weighed 
2*1  gram.  [32'4  grsj.  The  alcoholic  solution,  being  gently 
evaporated,  yielded  a  coloured  mass,  which  I  dissolved  ia 
water  to  obtain  whiter  and  purer  crystals* 

The   mother  waters  of  this  second   portion   of  mucous  and  malle. 
acid  and  of  oxalic  acid  contaiiied  a  mixture  of  oxalic  and 
malic  acids,  which   I  separated  by  means  I  shall  not  men- 
lion,   as  they  are  foreign  to  my  subject* 

The  fi  I  St  portion  of  mucous  acid    [  obtained  was  very  The  mucous 
while.      AVheu   dried   it   had  the   clotted   appearance    of*^* 
starch.     This    I    employed  in  my    experiments,    rejecting 
the  second  portion,  which  did  nut  appear  to  me  so  pure* 

To  tind  whethtr  there  were  any,  oxalate  of  lime  in   this  con tafned 

mucous  acid,  [  mixe<l  one  part  of  the  nitric  acid   above- I!*^^** 

.     .  laine. 

roentiTined   with  ten  of  distilled  water,  and    poured    it  on 

the  mucous  acid.  I  then  exfiosed  the  whole  to  a  hot  of  40^ 

or  50"  [104°  or  V2Z'*  F.]  for  4S.hoors,  shaking  it  occasionally, 

to  promote   the  a^*liou   of  the  menstruum.     The  supcroa*- 

taut  liquor  being  poured  ofl\  ammonia  immediately  threw 

€lowQ  from  it  a  white  earthy  salt  in  silky  filaments,   which 

bad  all  the  physical  properties  Of  oxalate  of  lime* 

A  second 
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A  tecond  portion  of  weak  nitric  acid^^lefl  to  stand  on  thcf 
residuum  the  saipe  length  of  time,  yielded  a  fresh  quantity 
of  oxalate  of  lime  on  the  addition  of  ammonia. 

It  required  eight  portions  of  diluted  nitric  acid  in  sac- 
cession,  completely  to  free  this  mucous  acid  fi*om  oxalate  of 
lime.  '  The  quantity  was  each  time  less  however,  and  the 
onith  portion  showed  scarcely  any  perceptible  indication 
of  it. 

The  eight  precipitates  together  amounted  to  2*5  gram* 
[38-6  grs.] 
Thtt  ployed  It  was  of  importance  to  ascertain,  whether  this  foreign 
SooctftheMLlt.  ™*^**'*»  which  had  the  appearance  of  oxalate  of  lime,  were 
in  reality  this  salt*  I  therefore  boiled  it  with  a  solution  of 
saturated  carboYiate  of  potash,  and  when  the  mutual  de- 
composition of  the  two  salts  appeared  to  me  complete,  I 
collected  on  a  filter  the  portion  that  had  precipitated.  This 
precipitate,  not  so  white  as  the  former  calcareous  salt,  and 
io  coarser  powder,  dissolved  with  great  eftervescence  in  ni- 
tric acid.  Its  solution,  which  was  acrid  to  the  taste,  was 
not  precipitated  by  ammonia,  but  very  copiously  by  oxalate 
•f  ammonia. 

The  supernatant  liquid,  which  contained  an  excess  of 
carbonate  of  potash,  was  supersaturated  by  acetic  acid, 
evaporated  to  dryness,  and  the  residuum  treated  with  alco- 
hol, in  order  to  separate  the  acetate  from  the  oxalate  of 
potash,  which  is  not  soluble  in  this  menstruum.  The  mix- 
ture, being  heated  a  few  moments,  was  filtered,  when  the 
acetate  of  potash  |>assed  through  with  the  alcohol,  and  the 
oxalate  remained  behind* 

The  matter  insoluble  in  alcohol  was  dissolved  in  distilled 
water ;  and  a  drop  of  this  solution,  added  to  half  a  spoonful 
vt  lime  water,  threw  down  a  pulverulent  precipitate,  evi- 
dently of  oxalate  of  lime.  The  same  solution  yielded  by 
evaporation  crystals  of  oxalate  of  potash. 

The  experiments  I  have  described  leave  no  doubt  of  the 

nature  of  the  calcareous  salt,  that  atfects  the  purity  of  the 

mucous  acid  obtained  from  gum  tragacanth. 

Other  gumt  The  same  experiments  repeated  on  gum  arabic,  and  on 

•imaar.  i\^qi  called  in  the  shops  gum  of  fiassorah,  which  does  not 

dissolve  in  water,  afforded  me  nearly  the  same  results. 

1  observed. 
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1  observed,  that,  in  proportion  as  the  mucous  acid  W83  Aliei 
deprived  of  tlie  oxalate  of  lime,  that  refulered  it  impure,  it  ^„ct 
MCijuireO  a  more  floi'culent  appearnnce.  *'^' 

Toascerluin,  whetlier  the  muLouB  acid  obtained  from  the  Muc 
•ugar  of  milk,  in  whith  it  wus  first  discovered  by  Scheele,  ^"^"^^^^ 
were  likewise  contaminated  with  oxalate  of  limci  I   boiied  by  way  of 
a  similar  qtmility  of  sugar  of  milk  with  eight  parti  of  ni-  comp'iiwia- 
trie  acid  of  the   Mime   *lrength  as   before.     The  first   por- 
tions of  mui^oua  acid  formed  I  seuaruied  by  decantatioo, 
uiid  addifd  to  the  residuum  a  fresh  quantity  of  niiric  acid. 
A   second   portion   of  mucous    acid  was  deposited,   whicht 
added  tg  the  fittt,  mode  up  the  weight  of  13  gram.   [ie9-3 
^rs.],  or  a  fifth  of  that  of  the  sugar  of  milk  employed. 

1  rfiDBrked,  thiil  this  mucous  acid,  after  washing,  when  Tbisippa- 
dlffuaed  in  water  had  as  flocculent  an  appearance  as  that  'Mii/pu'*- 
from  tl>e  ^um,  ithen  it  hud  been  deprived  of  its  oxalate  of 
lime  by  dilute  acid.  This  led  me  to  presume,  that  the 
acid  WBs  much  purer  tliuii  ihut  from  i;um ;  and  my  coiw 
jecture  was  soon  confirmed  by  nitric  acid  having  no  action 
oil  it.  This  acid  could  not  take  up  from  it  the  EmatlMt 
Ijuanlily  of  oxalate  of  lime  in  a  lon^  continued  digestion, 
for  ammonia  did  not  prociuce  the  slightest  cloud  in  the  iiu- 
pematant  liquid. 

What  bcMdesleft  no  doubt  of  the  perfect  purity  of  the  ThFuldrioai  ', 
mucous  acid  from  sugnr  of  milk  was  its  easy  and  complete  ?"?!.'',"„,' 
tolution  in  boiling  wuier.     This  even  proves  it  lo  be  move  wheHrrcn 
pure  than  the  mucous  acid  from  gum,  after  it  has  been  de-  '  ' 

)>rived  of  oxalate  of  lime  by  the  mciins   mentioned   above: 
fur  the  latiCT,  when   boiled    with   diistillcd  water,   leaves  an 
JliKiluble  flocculent  matter,  amounting  to  0-«6  of  ils  weight ;  „  \t  coniain** 
which  dries  into  a  gray,  horny,  semiirnnspurent  aub^lanc*!,  '"c  ' 
much  resembling  in  appearance  the  mucoui  matter,  that"*' 
connects    toijether    the    panicles    of   animal   con  ere  lion  i ; 
tlmugh,  when  thrown  on  burnin>;  coals,  it  does  not  emit  the 
ammoniacal  and  fetid  6me1l  of  uiiimal  compouiida,  ind yields 
by  calcination  carhonate  of  lime.      The  very  small  quantity 
1  obtained  did  not  allow  me   in  nmke  such   exiwrimenta,  □• 
would  furiiiili  a  more  accurate  knonlcd^e  of  the  nature  of 
thi«  snbatance. 

From  the  facta  that  have  been  menlioned,  we  may  infer,    Gr 

VouXXVUI.— Jan.  ibll.  C  in/'" 
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l8t»  There  is  a  striKmg  difijerence  beti^eei)  the  mucous 
acid  obtuioed  bjr  the  action  of  the  Ditric  acid  from  gums, 
and  from  the  sugar  of  milk. 

Sfilyy  This  difference  consists  in  th^  iprmer  bein^  always 
contaminated  witii  a  mixture  of  oxalate  of  lime,  proportional 
to  the  li;ne  contained  in  the  ^nm  ;  while  the  mucous  acid 
from  sugar  of  milk  dpes  not  es^hibit  the  least  trace  of  this 
calcareous  salt,  and  seems  to  be  perft^ctly  pure* 

ddly.  The  mucous  acid  from  gum  may  be  brought  to  a 
similar  state  pf  purity  by  a  very  simple  process,  which  con- 
sists, l»t,  in  removing  all  the  oxalate  of  lime  by  repeated 
digestions  in  very  dilute  nitric  a(L*id  ;  and,  2diy,  in  boiling  it 
in  water,  which  dissolves  it,  without  di^s'jlving  the  floccu- 
lent  matter,  that  the  nitric  acid  did  not  take  up. 

4thly,  The  hiucous  acid  from  gum,  u hen  thus  freed  from 
substances  foreign  to  its  nature,  is  exactly  similar  to  that 
from  sugar  of  milk,  possesses  all  the  properties  that  cha- 
racterise this  acid,  and  may  be  employed  with  equal  ad<p 
vantage  in  the  most  delicate  experiments,  or  such  us  require 
this  acid  to  be  of  the  utmost  puiity. 
%fucousacid        Since  I  wrote  the  above  I  have  ascertained,  that  under 

A°!^ ^.^^»^°*  certain  circumstances  the  mucous  acid  obtained  from  ffum 
tains  (nucice  ... 

of  lime*  when  is  mixed  with  mucite  of  lime,  instead  of  the  oxalate  I  have 
?M*'!*!fll-!!'  mentioned.  This  happens,  ,when  the  nitric  acid  employed 
-acid..  '  18  not  in  a  concentrated  state,  but  diluted  with  water,  and 
the  process  consequently  goes  on  not  rapidly,  but  slovvl)*. 
The  difference  of  the  results  is  easily  understood. 
K^^onof  If  a  we:ik  acid  be  employed,  the  mucous  acid  is  at  first 

produced  alone;  it  precipitates  with  the  lime,  with  which 
it  forms  a  salt  of  little  solubility ;  and  it  may  be  separated 
from  the  mixture  previous  to  the  formation  of  the  oxalic 
acid,  which  requires  the  concentration  of  the  nitric.  If  on 
the  contrary  concentrated  nitric  acid  be  used,  the  formation 
of  the  two  acids,  though  taking  place  in  succession,  is  very 
near  in  point  of  time;  and  it  may  readily  be  supposed,  that 
in  this  ca»e  the  oxalic  acid,  in  proportion  as  it  is  formed, 
lays  hold  of  the  lime  in  consequence  of  its  great  affinity  for 
tliis  earth. 

I  shall  add  one  more  fact,  that  has  led  me  to  remark  a 
singular  |)roperty  of  the  mucous  acid,  which  I  purpose  to 
examine  more  fully.  When 
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When  B  sotutioli  oF  pure  mucous  acid  in  boiling  water  la  Mhcoui  iciil 
gently  evoporated  to  dryness,  without  separaliKg  the  cry&- j,„,_ 
tultine  precipitate,  that  rorms  during  the  evaporation  ;  we 
coon  Snd,  a.»  soon  as  the  whole  of  the  li(]uid  ')»  waded,  that 
the  crystuls  grow  yellow,  then  brown,  attd  are  converted  intt> 
e  kind  of  viitcid  substance,  tenacious,  undergoing  a  sort  of 
fu«ion.  and  acquiring  coneidemble  hardness  on  cooling. 

The  mucous  ariH,  that  has  experienced  this  change,  is  Ic*  properCict 
much  more  sour  than  usual,  infinitely  more  loluble  in '^ "'" """' 
waler,  and  wholly  soluble  in  alcohol,  so  that  its  properties 
are  lu  part  altered.  At  Rrat  1  thought,  thut  I  had  converted 
the  mucous  acid  either  into  the  malic,  or  the  tartaric  j  bot 
the  experiments  I  have  made  to  verify  this  conjecture  do  not 
yet  appear  to  tne  sufficient,  to  authorise  my  advancing  any 
opinion  respecting  the  nature  of  the  change,  that  takes  place 
in  the  experiment  I  hnve  described. 


I 
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III. 

Cl'fmirn!  Analyiis  of  a  Slack  Sand',  from  ike  Rher  Don. 
in  AberdeenihlTe ;  mid  of  a  C'opperOre,J'rom  Airtlirty,  in 
Slirlu^shiTt.  Bj/  TiiOMis  Ttio»aoH,  hi.  D.  Leclurer 
on  Chemisfrg,   Edinburgh  f. 

JL  HE  specimen,  which  formed  the  subject  of  the  first  of  BUck  »nd  oa 
the  following  annij/fe,,  wati  brought  from  the  banks  of  "hej|;*^^'* 
river  Don,  about  seven  years  ago,  by  my  friend  Mr.  James 
Mill,  who  at  that  time  resided  in  Aberdeenshire.  By  him 
I  WHS  informed,  that  considerable  qunntities  of  it  are  found 
in  different  parts  of  the  bed  of  llmt  riTer,— that  it  it  called 
by  the  inhabitants  iron-sand, — and  thut  they  use  it  for 
sanding  ucwty  written  paper.  1  tried  some  experimeuts  in 
theycarlSDO,  in  order  to  ascertain  its  nature;  but  wm  ttio 
little  skilled  at  that  time,  both  lit  mineralogy  and  practi* 

*  Foe  >s  iccaent  ol'  a  black  und,  con^lstine  of  i  fmrifcrout  ere  of 
titanium,  found  on  the  shor"i  of  Ligurii,  and  iraced  to  the  rock  ffofa 
ullicli  il  jtioeei-dcd,  we  our  Journal,  vul,  XKVl,  p.  M. 

t  Iraoi,  of  iba  R«]r*l  Soc.af  Ediiibur[ti  for  tB07. 
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cal  chemistry,  to  manage  an  aoalysis  of  any  considerable 
difficulty. 

mixed  with  the      The  black  powder  is  mixed  with  a  good  many  smalU 
detritus  of  gn-  whitish,  reddish,  and  brownish  grains,  which*   when  exa* 
^^^  mined  by  means  of  a  glass,  prove  to  be  pieces  of  quartz, 
fei8)>ar,  and  mica.     From  this  it  would  appear,  that  the 
•and  of  the  river  Don  consists  chiefly  of  the  detritus  of  grap- 
nite  or  gneiss, 
wd  consiuiDg      When  a  magnet  is  passed  ever  the  sand,  some  of  the 
staiicet      *     black  gpnins  adhere  to  it,  and  are  by  this  means  easily  ob- 
tained separate.     But  after  all  that  can  be  attracted  by  the 
magnet  is  removed,  the  greater  part  of  the 'black  powdtn: 
still  remains.    This  residue  is  indeed  attracted  by  a  power- 
.ful  magnet^  but  so  very  feebly,  that  it  is  not  possible  by 
'  means  of  it  to  separate  it  from  the  grains  of  sand  with  which 
it  is  mixed.     Thus  we  Uarn,  that  the  black  matter  consists 
of  two  distinct  substances ;  one  of  which  is  powerfully  at- 
tracted by  the  magnet,  the  other  not.     As  this  second  snb- 
stanc/e  was  obviously  specifically  heavier  than  the  grains  of 
sand  with  which  it  was  mixed,  I  placed  a  quantity  of  the 
powder  on  an  inclined  plane,  and  by  exposing  it  cautiously, 
and  repeatedly,  to  a  jet  of  water,  I  succeeded  in  washing 
away  most  of  the  grains  of  sand,  and  thus  obtained  it  in  a 
state  of  tolerable  purity. 
ir»Q-sand  and       The  first  of  these  minerals  we  may  call  iron-sandy  and  the 
i»eriiie.  second  tserine^  as  they  belong  to  mineral  specie?,  which 

oryctogtiosts  have  distinguished  by  these  names. 
The  iroQ-ssnd      The  iron-sand  is  much  smaller  in  quantity  than  the  ise-> 
etcribed.        >ine,  and  does  not  exceed  one  fourth  of  the  mixture  at 
most.     Its  colour  is  iron-black.     It  is  in  very  small  angular 
grains,  commonly  pretty  sharp  edged,  and  sumetimes  hav- 
ing the   shape  of  impeifect  octaedions,'     The  surface  is 
longh;  the  lustre  is  feebly  glimmering  and  metallic;  the 
fracture,  from  the  smallnt^ss  of  the  grains,  coOld  not  be  ac- 
curately ascertained,   but  it   seemed    to    be    conchoidal. 
Opake,  semihard,  brittle,  easily  reduced  to  powder.    Pow- 
der has  a  grayish  black  colour;  powerfolly  attracted  by  the 
magnet ;  specific  gravity  4*765« 
Analysis  of  it.      ^'  As  acids  were  not  found  to  act  upon  this  mineral,  100 
i;rains  of  it  were  reduced  t#  a  fine  powder,  mixed  with 

.  twice 
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twice  iu  weight  of  carbonate  of  polauli,  and  exposed  for 
two  hours  to  H  red  heat,  in  a  porcelain  crucible.  The  maas, 
bein);  softened  in  water,  whs  digested  in  tnariatic  acid.  By 
repeating  this  procewi  twite,  the  whole  was  diatolved  in  mu- 
riutie  arid,  except  a  browuish  white  matter,  which,  being 
dried  ill  the  open  air,  weighed  19t  K'"'"'- 

2.  The  muriutiv  ucid  sulution,  wbith  had  a  deep  yellow*  Oiidi 
iah  brown  colour,  wub  concentrated  almost  to  dryness,  and'"""' 
iben  diluted  with  water.  It  aiiiiuaied  a  milky  appearance; 
but  nothing  was  precipitated.  Bciui;  boiled  for  some  lime, 
and  then  set  nside,  a  curdylike  mutter  fell.  It  was  of  a. 
milk-white  colour,  weighed,  wlien  dry,  7  grains,  and  pos> 
sessed  the  properties  of  oitide  of  litaaiura. 

3.  The  residuul  liquid  being  supersaturated  with  ammo-  Oxid 
nia,  a  dark  reddisb-bruwii  matter  precipitated,  which  being 
se|>arated  by  the  filter,  dried,  drenched  in  oil,  and  heated 

to  redness,  assumed  the  appearauce  of  s  black  matter, 
Ktrongly  atlrneted  by  the  magnet.  It  weighed  S3'7  grains, 
and  wa*  oxide  of  iron. 

4>  Tlie  1(}'S  grains  of  residual  powder,  Iieing  mixed  with 
four  times  its  weight  of  carbonate  of  soda,  and  exposed 
for  two  hours  to  a  red  heat,  in  a  platiiiuoi  crucible,  and 
afterward  heated  with  muriatic  acid,  was  all  dissolved, 
except  about  a  grain  of  blackish  matter,  which  was  set 

5.  The  muriatic  solution  being  cuncentreted  by  evapora-  Mori 
lion,  a  little  white  matter  was  separated.     It  weighed  one'"*"' 
fourth  of  a  grain,  and  possessed  the  characterB  of  oxide  of 
titanium. 

6,  When  evaporated  to  dryness,  and  redissolved  in  wfc-  silcx 
ter,  n  white  powder  remained,  which  proved  to  be  silica, 
aad   which,  after  beittj  heated  to  redness,    weighed  one 
grain. 

7-  The  watery  solution  being  aupersatured  with  potash.  Aim 
and  boiled  for  n  few  minulee,  was  thrown  upon  a  filter,  to 
separate  a  reddish-brown  mutter,  which  had  been  precipi- 
tated. The  clear  liquid,  which  passed  through  the  filler, 
was  mixed  with  a  solution  of  tul  ammoniac.  A  soft  white 
matter  slowly  nobsided.  It  was  alumina,  and,  after  being 
h?ated  to  redueu,  weighed  half  a  grain. 

8  The 
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More  o<;de  6f  ^.  The  browo-coloured  matt/er, which  bad  been  precipe 
tated  by  the  potashy  when  dried  npoD  the  steam-bath, 
weighed  30*2  grains.  It  dissolved  with  effervescence  in 
rour>}itic  acid*  The  solution  had  the  appearance  of  the 
yolk  pf  an  fsgg.  When  boiled  for  some  time,  and  then  di-. 
lated  with  water,  it  became  white,  and  let  fall  a  curdy  pre- 
ppitif^e^  vhich  weighed,  when  dry,  4*6  grains*  and  possessed 
the  prppefties  of  oxide  of  titanium. 

9*  The  residual  liquor,  being  mixed  with  an  excess  of 
aprnpnia,  let  fall  a  browi)  matter,  wfiich,  after  being  dried^ 
dfeqched  in  oil,  apd  h^at€»d  to  redness,  weighed  6  grains. 
It  ^as  strongly  attracted  by  the  magnet,  but  was  of  too 
light  a  colour  to  be  pur^  oxide  of  iron.  I  therefore  dis« 
solved  it  in  muriatic  acid,  and  placed  it  on  the  sand-bath, 
iq  a  porcelain  capsule^  When  very  much  concentrated  by 
efiporc^tion,  small  white  needles  began  to  make  their  ap« 
peqirance  in  it.  Th^  addition  of  hot  water  made  t)iem  dis- 
appear;  but  they    were   again  formed^  when  the  Kquqr 

Artcnic«  became  sufficiently  concentrated.      These  crystalS|  when 

sqiarated,  weighed  }*3  grains,  and  proved,  on  ex^cpination, 
to  be  white  oxide  of  arsenic  During  the  solution  of  the 
6  grains  in  muriatic  acid,  a  portion  of  blaclf  matter  sepi^- 
rf  ^ed-  It  weighed  0*2  of  a  grain,  and  was  totally  dissipat^ 
b^(orf  the  blowpipe  iu  ^  white  smoHe.  Hence,  it  must  have 
been  arsenic.  These  1*5  gr.  are  equivalent  to  rather  more 
than  1  grain  of  metallic  arsenic.  Thus  it  appears,  that 
the  6  grains  contained  1  grain  of  arsenic,  which  explains 

Iron.  ^be  whiteness  of  their  colour.     The  rest  was  iron.     It  can 

scarcely  be  doubted,  that  the  proportion  of  arsenic  present 
was  originally  greater.  Some  of  it  must  have  been  drivta 
off,  when  the  fron  oxide  was  heated  with  oil.  , 

Mftre  oxide  of     I^*  'I'he  insoluble  residue   (No.  4)  was  with  great  difl^- 

tpunium.  culty  dissolved  in  sulphuric  acid.  When  the  solution  was 
mixed  with  ammonia,  a  white  powder  fell,  which  weighed 
0*8  of  a  grain.  It  was  accidentally  lost,  before  I  examined 
its  properties.  But  I  have  no  doubt,  from  its  s^pearancc^ 
that  it  was  oxide  of  titanium. 

Itmulttof  th#      It.  Thus,  from  tfate  100  grains  of  iron-sand,  the  follow* 

snalysij.         -^^^  constituents  have  been  extracted  by  analysis: 

Black 
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BInck  oxide  of  iron •  •  98*70 

White  oxide  of  titanium I2'65  ' 

Arsenic i'OO 

Silica  and  alumina  ••••••••••••     1*56 

Total,     113.85 

Here  there  is  an  excess  of  nearly  l4  grains,  owing,  without 
doubt,  to  the  combination  of  oxigeu  with  the  iron  and  the 
titanium  during  the  analysis. 

Ilud  the  iron  iu  the  ore  been  in  the  metallic  8tAt6,   the  suteof  the 
excess  of  weight,  instead  of  14,  could  not  have  been  less  iron  In  ihc  ort. 
than  30.     For  tlie  black  oxide  is  known  to  be  a  compoobd 
of  100  metal  and  37  Oxigen.     Hence,  I  thihk,  it  fblfows, 
that  the  iron  in  our  ore  must  have  beeb  in  the  state  of  itti 
oxide,  and  that  it  must  have  contained  less  bsigen  thilfi 
black  oxide  of  iron.     A  good  many  triifls,  both  on  ihSn- 
sand,  a^d  on  some  of  the'  other  magnetic  ores  of  irOii,  in- 
duce me  to  conclude,  that  the  iron  iq  most  of  them  is  coAo* 
bined  with  between  17  and  18  per  ccni  of  oxigen.     This  ProtosMe  of 
compound,  hitherto  almost  overlooked  by  chemists,  I  txxv^  i'^o* 
sidcr  as  the  re<il  protoxide  of  iron.  '  Th^nard  has  lately  de« 
monstrated  the  existence  of  an  oxide  intermediate  between 
the  black  and  the  red  ;  sfo  that  we  are  now  acquainted  with 
four  oxides  of  this  roetul.     But  the  protoxide,  I  j^resunfie, 
does  not  combine  with  acids  like  the  others.   Analogy  leads  p^  ^^jj,  qjjjj, 
us  to  presume  the  existence  of  a  fifth  oxide,  between  the  presumable. 
green  and  the  red. 

As  to  the  titanium,  it  is  impossible  to  krtow  what  inbreiii^  g.  t-of  .i, 

of  weight  it  has  sustained,  because  we  are  neither  acquainted  titanium  in  the 

with  it  in  the  metallic  state,  noir  know  how  much  oxis^en  **"^ 

its  ditlerent  oxides  contain.     It  is  hi^hly  improbable,  tha^, 

in  iron-sand,  the  titanium  is  iil  the  metallic  state,  if  it  be 

made  out  that  the  iron  is  in  that  of  ah  oxidt^.     The  exp^ri* 

Rients  of  Vauquelin   and   llecht,  compared  with  those  of 

Klaproth,  have  taught  us,  that'  there  are  thr^e  oxides  of 

titanium,    namely,    the   blue,    the   red,     and    the    white. 

From  an  experiment  of  Vauquelin  and  Hecht,   and  from 

some  of  my  own,  I  am  disposed  to  consider  these  oxides 

as  composed  of   the  following  proportions  of  metal  and 

txigen :  ^ 

1,  Bluo 
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BUSTAL*.  OXIQEN. 

Proportions  of  I.  Blue,       100  l6 

»»<«"«.  2.  Red,        100  83 

3.  White,    100  49 

I  find,  that,  when  the  white  oxide  of  titaniuv  is  reduced 
to  the  state  of  red  oxide,  it  loses  one  fourth  of  its  weight ; 
and  that  red  oxide,  when  raised  to  the  state  of  white  oxide, 
increases  exactly  one  third  of  its  weight.     It  was  the  know- 
ledge of  these  facts,  that  led  me  to  the  preceding  numbers. 
And  I  think  they  may  be  used,  till  some  more  direct  expe- 
limeutt  lead  ns  to  precise  conclusions. 
State  of  the  ti«     Reel  oxide  being  the  only  state  in  which  this  metal  has 
?^^JJ^  -    yet  occurred  separate,  we  may  conclude,  that  it  combines, 
io  this  state,  with  metallic  oxides,  and  that  the  titanium  in 
iroD^and,  it  most  probably  in  this  state.     But  white  oxide, 
diminished  by  one  fourth,  g^.ves  us  the  equivalent  quantity 
of  red  oxide.     On  this  supposition,  the  titanium  present, 
before  %he  analysis,  in  the  lOOgraius  of  ore,  weighed  9*5 
graios. 
The  arseoic         The  appearance  of  the  arsenic  surprised  me  a  good  deal, 
from  tcciden-  ^  jj  ^^^  altogether  unexpected.     I  am  disposed  to  ascribe 
ritet.  it  to  some  particles  of  arsenic  pyrites  which  might  have 

been  accidentally  present.  This  conjecture  will  appear  the 
more  probable,  when  we  reflect,  that  arsenic  pyrites  very 
frequently  accompanies  iron«8and.  Before  the  microscope, 
the  iron-sand  appears  to  contain  some  white  shining  parti- 
cles, which,  probably,  are  arsenic  pyrites. 

The  small  quantity  of  silica  and  alumina  I  ascribe,  with«> 
out  hesitation,  to  grains  of  quartz  and  felspar,  which  had 
adhered  to  the  iron-sand,  and  been  analysed  along  with  it. 
Some  such  grains  were  actually  observed  and  separated. 
But  others,  probably,  escaped  detection. 

12.  If  these  suppositions  be  admitted  as  well  founded,  tha 
iron-sand  was  composed  of 

Component  Protoxide  of  iron  •• 85*3 

parts  of  tht  Red  oxide  of  titanium 9*5 

uoD-8anc|.  Arsenic     •• ?•• t      i»o 

Silica  and  alumina*  *  •  1 1 1*5 

|^s8*****f*f  »•••*••« 2*7 

100-0 
f  Probably,  from  what  follows,  aa  crrour  of  the  press  for  ox  ids.    C. 

The 
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The  losi  will  not  ap|ic>ir  t^wKivr,  iT  wo  caiihiJeri  that  a 
portion  or  lliu  ar^fnic  iiiUHt  hnve  beeo  sitblimed,  hetore  the 
presence  of  that  mi^tiii  was  BUspected. 

L'jmn  tliL>  wliuli'i  I  think  we  may  conMitcr  the  spFrlmen 
of  iron-siinil  exuinined,  astompOBcd  of  9  part*  p:otDxide  of 
iron,  niid  I  of  red  oxide  of  titanium.  The  pre«-nee  of  ti- 
iHoiuiu  ill  this  ore  hud  been  ulrt-iidy  detected  liy  Lampeilius,  ^ 

though,  ii!>  1  have  not  aeeu  Ilia  uiihIjkU,  1  lanuot  lay  in  what 
proportion. 

The  colour  of  the  iserine  is  iron-black,  with  n  shade  of 'HielMtincd^ 
hrowii.     It  coMsistG  of  auiall  angular  grains,    rather  larger  ' 

than  thoiiC  of  the  iron-snnd,  but  very  similar  to  them  in 
their  uppeurance.  Thoir  «dges  are  blunt ;  ihry  ore  -iinoolh- 
er,  and  huve  a  stronf^er  i^liminering  lustre  than  those  of  the 
iron-sand.  Lustre  ^caiiuK^tallic,  tacliniiig  to  aielollic.  The 
fracture  could  nut  tje  distinctly  ob»erred,  but  it  seemed  to 
be  coiichoidut ;  at  li^ast  nothing  rrtemblin);  n  foliated 
froc'tu'e  could  bi;  (lerctived.  Opake,  semihard,  brittle, 
eHuity  reduced  to  ponder  ;  colour  of  the  potcder  unnltered  ; 
•pecilic  gravity  4'4dl*;  scarcely  ntlructed  by  the  mag- 
net. 

I.  A  hundred  uruin^  of  the  powdered  ore  were  mixed  AnalT(ii«rii. 
h  lix  times  their  weight  of  ctirbouale   of  soda,   and   ex- 
potted  for  two  liaur»  to  u  red  heut,  iu  a  platiiiuro  crucible. 
;  The  ntniw  obtained,  being  sonened   with  water,  dissolved 

[npletely  iu  muriitic  acid.     When  the  solution  was  con- 
r  CKntnited,  it  assumed  the  appeurnnce  of  the  yolk  of  an  egg. 
It  was  boiled,  diluted  with  water,  and   «et  aside  for  some 
dmc.     A  while  matter  Kf"<Junlly  deposited,   whiih,  when  Oxide  of  tita- 
Med  on  the  Meam-bath,  weighed  53   grains,  and  possessed  "'""" 

p  properlieB  of  ovide  of  titanium. 

Q.  The  liquid,  thii'i  IVeed  from  titanium,  was  evaporated  Silcx. 
lo  dryncM,  and  the  residue  redissolved  in  water,  acidulated 
with  mutiutic  acid,    A  white  powder  remained,  which,  after 
being  heated  to  redness,  weighed  1{>*8  grains,  nud  poMessed 
the  properties  of  silica. 

I.  The  solution  was  precipitated  by  ammonia,  and  the  Alunine. 
brown  matter,  which  had  separated,  boiled  for  some  time 

If,  at  tliff  fullowing  analrt'H  noiili)  te»it  ui  lo  citpcci,  the  tpedmen 
I   «aMmioed  was  a  mixiutc  nl  four  patn  netine,  snti  one  pin  quiitt  and 
fdipir,  the  ipcclfic  giiiTitr  of  pure  istrine  shooid  be  *%*. 
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in  liquid  potash.  The  whole  was  then-  thrown  on  a  filter, 
to  separate  the  undisiiolved  part ;  and  the  liquid,  j^hich 
came  throu<>h,  wns  mixed  with  a«o)iition  of  sal  ummoniao. 
A  white  powder  fell,  which,  after  bt'ing  heated  to  redness, 
weighed  3'2  grains.     It  was  alumina* 

Icon.  4.  The  brown  substance  collected  on  the  fiTter  was  dried, 

drenched  in  oil,  and  heated  to  redness.  It  was  strongly  at- 
tracted by  the  magnet,  and  weighed  52  grains. 

5.  It  was  digested  in  diluted  sulphuric  acid ;  but  not 

being  rapidly  acted  upon,  a  quantity  of  muriatic  acid  was 

added,   aud  the  digestion  continued*     The  whole  slowly 

dissolved,  except  a  blackish  matter,  which  became  white 

'  when  exposed  to  iji  red  heat,  and,  as  fur  as  I  could  judge 

More  oxide  of  from  its  properties,  was  oxide  of  titanium,  slightly  cont^mi- 

titanium.         nated  with  iron.     It  weighed  1*8  grain. 

6n  The  acid  solution  being  concentrated  by  gentle  erd« 
poration,  a  number  of  small  yellowish-coloured  needka 
made  their  appearance  in  it.  By  repeated  evaporations,  all 
the  crystals  that  would  form  were  separated.  They  weighed 
6  grains.     I  redissolved   them   in  water,  and  added  some 

Oxi^eof,  ura-  ammonia  to  the  solution.    A  fine  yellow  powder  fell,  which 

aiam.  j  ^qqq  recognized  to  be  oxide  of  uranium.    i\t  weighed  4'^ 

grain<«. 

7.  Thus  it  appears,  that  the  52  grains  (No.  4),  attracted 
by  the  magnet,  contaiuird  4ti  grains  of  iroii^aud  6  grains  of 
uranium  and  titanium. 

Kesuhf'of  the      B.  The  following  are  ti)c  substances  separated  from    lOQ 
lysis.  graias  of  iserine,  by  the  preceding  analysis : 

Oxide  of  titanium  •  •  • 54*8 

Oxide  uf  iron •  • .  •  46*0 

Oxide  of  uranium 4*2  ^ 

Silica    168 

Alumina 3*2 

Total,      1250 

Here  is  an  excess  of  00  less  than  25  grains,  to  be  accouiKed 
for  by  owgen»  which  must  have  united  to  the  three  metals 
during  the  process.  As  to  the  silica  and  alumina,  there  can 
be  little  hesitation  in  jascribing  them  to  grains  of  sund, 
wKich  had  been  mixed-  with  the  ore.     The  pure  iserine,  iu 

all 
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m\\  -probability*  «wa9  composed  of  iroD*  tit8Dium»  and 
uraqiuBU  If  we  vuppose  that  each  of  these  metaU  existed 
iu  the  state  of  protoxide,  we  must  diroiDish  the  titaoiam 
by  ooe  fourth,  the  irou  by  one  eeveoth  nearly,  aod  tb« 
uraniuiD,  according  to  Bncholz's  exfieriaientfiy  by  one  fifth. 
This  would  give  us. 

Titanium,    ••• 4l'l* 

Iron,     39'4 

Uranium,    ••     3*4 

Silica  aud  alumioa,  •  •  •  •  20*0 

103-9 

Mere,  then,  is  still  an  excess  of  nearly  4  per  cent,    fiot  this 

I  am  disposed  to  ascribe  to  the  oxides  of  titanium  and 

uranium    having  been    only  dried  upon  the  steam  bath. 

Upon   the  whole,    it  appears,  that  id  the  specimens  of 

iserine  analysed,  the  proportions  of  titanium  and  iron  were 

nearly  equal,  and  that  the  uranium  did  not  exceed  4  per  cent* 

The  appearance  of  uranium  surprised  roe  a  good  deal.     I 

perceive,  however,  that  it  has  already  been  detected  iu  this 

ore,  from  an  analysis  published  by  Professor  Jameson,  in 

the  second  volume  of  his  Mineralogy,  which,  I  understand, 

was  made  by  Lampadius«     The  specimen   examined  by  Componeitt 

Xiampadius  yeilded   very  nearly  GO  parts  of  titanium,  30  ^'^'' 

of  iron,  and  ten  of  uranium.    Whereas,   in  mine,  if  the 

foreign  matter  be  removed,  tltere  was  obtained,  very  nearly, 

48  titanium, 
48  iron, 
4  uranium, 

100 
But  there  can  be  no  doubt,  that  the  iserine  which  I  analysed 
wari  still  contaminated  with  a  good  deal  of  iron  sand ;  for  it 
was  impossible  to  remove  the  whole* 

Analysis  of  a  Gray  Copper  Ore,  from  Airthrey. 

The  copper  mine  of  Airthrey,  near  Stirling,  consists  of  Copper  mine 
a  thin  vein,  which  runs  through  the  west  corner  of  tho  ^ '^*^'^'^* 
Ochils.     It  has  been  twice  wrought,  by  two  differeot  cofn* 

*  Th's  calculation  supposes  it  in  the  state  of  deutoxide.    At  protox* 
|de  it  would  not  exceed  d(>*3.    C. 

paniesb 
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panics.  6uf ,  iu  both  cast's,  wus  abandoned,  after  a  few 
years  trial.  1  went  to  it  some  years  agO(  and  examined  thi! 
ore,  at  the  request  of  one  of  the  proprietors.  The  speci-* 
mens,  whh:h  were  employed  for  the  subsequent  analysis^ 
were  the  purest  that  I  could  select  out  of  a  considerable 
quantity.  I  was  told,  however,  that  from  the  lower  level, 
which  was  at  that  time  full  of  water,  much  richer  ore  had 
been  extracted.  But,  afterward,  when  the  lower  level  was 
freed  from  its  water,  I  went  down  to  it  myself,  and  found 
the  ore  precisely  of  the  same  kind  as  in  the  upper,  with 
this  difference,  that  it  was  more  mixed  with  a  calcareoas 
8par»  and  perhaps,  on  that  account,  more  easily  smelted. 

The  veinstones  in  the  Airthrey  mine  are  sulphate  of 
barytcs,  and  carbonate  of  Time,  and  with  these  the  ore  ia 
almost  always  more  or  less  mixed. 

*The  colour  is  at  first  a  light  steel  gray  ;  but  the  surface 
soon  tarnishes,  and  becomi?s  of  a  dark  dull  leaden  gray,  and 
in  some  places  assumes  a  beautiful  tempered  steel  tarnish* 
Massive  and  disseminated.  )n  some  specimens,  it  exhibits 
the  appearance  of  imperfect  crystals.  Internal,  surface 
shining  and  metallic;  but,  by  expo«»ure,  it  soon  becomea 
dull.  Fracture  small  grained,  inclining  to  even.  Frag- 
ments indeterminate,  and  rather  blunt  edged.  Semihara, 
the  degree  being  almost  the  same  as  that  of  calcareous 
spar;  for  these  two  minerals  reciprocally  scratch  each 
other.  Streak  similar,  opake,  brittle,  easily  frangible,  spe- 
cific gravity  4*878. 

1.  To  free  the  ore  as  completely  as  possible  from  foreign 
matter,  it  was  reduced  to  a  coarse  powder,  and  carefully 
picked.  It  was  then  digested  in  diluted  muriatic  acid, 
-  which  dissolved  a  quantity  of  carbonate  of  lime,  amounting 
to  13  percent  of  the  original  weight  of  the  ore. 
ten  analysed.  Q,  Thus  purified,  it  was  dried  on  the  steam  bath,  and 
100  grains  of  it  were  reduced  to  a  fine  powder,  and  di- 
gested in  diluted  nitric  acid,  till  every  thing  soluble  in  that 
menstruum  was  taken  up.  The  residue  was  digested  iu 
the  same  manner  in  muriatic  acid ;  and  when  this  acid 
ceased  to  act,  the  residue  was.  treated  with  nitro  muriatic 
acid,  till  no  farther  solution  could  be  produced.  The  insolu- 
ble matter  was  of  a  white  colour;  it  weighed  G'9  grains^ 

aad 


Tbeoreftrtt 


AfTALTfitS  OF  A  QEAT  COPPER  OEK.  S9 

mod  was  almqtt  entirely  sulphate  of  barytes.  No  traces  of 
sulphate  of  lead*  or  of  oxide  of  unttitiooy  could  be  de» 
tected  in  it  by  the  blow  pipe. 

3.  The  three  acid  solutions  being  mixed   together^   no  No  nlver  la  it. 
cloudiness  appeared,   nor   was   »ny  change  produced;   a 

proof  that  the  ore  contained  no  silver. 

4.  The  solution,  being  evaporated  nearly  to  dryness,  was 
diluted  with  water,  and  precipitated  by  muriate  of  barytes* 
By  this  means,  the  sulphuric  and  arsenic  acids,  which  had 
been  formed  during  the  long  continued  action  of  the  nitric 
acid  on  the  ore,  and  the  presence  of  wliich  had  been  indi- 
cated by  reagents,  were  thrown  down ;  for  nitrate  of  lead, 
added  to  the  residual  liquid,  occasioned  no  precipitate;  a 
proof  that  no  arsenic  acid  was  present. 

5.  The  liquid,  thus  freed  from  arsenic  acid,  was  mixed  Iron, 
with  an  excess  of  ammonia.  It  aissumed  a  deep  blue  colour, 
while  a  brown  matter  precipitated,  it  was  separated  by 
the  filter,  and  being  dried,  drenched  in  oil,  and  heated  to 
redness,  it  was  totally  attracted  by  the  magnet.  It  weighed 
45*5  grains,  and  was  iron. 

6*  The  ammoniacal  liquid  was  neutralised  by  sulphuric  Copper, 
acid,  and  the  copper  thrown  down  by  means  of  an  iron 
plate.     It  weighed  17*2  grains. 

7.  To  ascertain  the  quantity  of  sulphur  and  arsenic,  100  sulphur  an<I 
grains  of  the  purified  ore,  in  the  state  of  a  fine  powder,  aneaic. 
were  put  info  the  bottom  of  a  coated  glass  tube,  and  ex- 
posed   for  two  hours  to  a  red  heat.     When  the  whole  was 

cold,  and  the  bottom  of  the  tube  cut  off,  the  ore  was 
found  in  a  round  solid  mass,  having  the  metallic  lustre,  a 
conchoidal  fracture,  and  the  colour  and  appearance  of 
variegated  copper-ore.     It  had  lost  l6  grains  of  its  weight. 

8.  The  upper  part  of  the  tube  was  coated  with  a  yellow-  Sulphur. 
•sh  brown  substance,  like  melted  sulphur.     It  weighed  1^*6 
grains.     Thus,  there  was  a  loss  of  3*4  grains.     As  the  tube 

was  long,  this  loss  can  scarcely  be  ascrilied  to  sulphur 
driven  off.  I  rather  consider  it  as  water.  For  towards  the 
beginning  of  the  process,  drops  of  water  were  very  per- 
ceptible in  the  tube.  Whether  this  water  was  a  constituent 
of  the  ore,  or  derived  from  the  previous  digestion  in  muri* 
atic  acid,  cannot  be  deterniioed. 

9.  When 


90 


CBiBpoiient 
pwuof  th« 


Ktaprothh 

anaifMt. 


'    jiifiLinu  or  I OEAT  eofvu  mc. 

9.  When  the  IS-O  grains  of  yetlowisiv  brown  maffer  Se^ 
ftehed  from  the  tahe  were  digested  in  hot  potadh-ley»  tihe 
whole  was  dissolved,  except  a  floe  blaickiiih  powder^  wftich' 
weighed  t  grain,  and  was  arsenic.  The  dissolved  portion 
I  considered  as  snlphnr. 

10.  The  potash  solution,  being  mixed  with  nitric  acid,  4 
grains  of  sulphur  fell.  The  remaining  7*^  granns  niust 
have  been  converted  into  sulphuric  acid,  by  the  acitifoh  of 
the  nitric  acid.  Accordingly,  muriate  of  barytes  4>ceakiort« 
ed  a  copious  precipitate^ 

lU  The  84  grains  of  roasted  ore  being  reduced  to  m  fine 
powder,  mixed  with  half  their  weight  of  pounded  chat^oal; 
and  roasted^  a  second  time  in  a  glass  tube,  one  grain  of  sul« 
phur  sublimed.  But  the  tube  breaking  befbre  the  roasting 
had  been  continued  long  enough,  the  process  was  com* 
pleted  in  a  crucible.     The  roasted  ore  weighed  70  grains. 

19.  From  the  preceding  analysis,  we  learn  that  the  con* 
itituents  of  the  Airthrey  ore  are  as  follows : 

Iron,    45.5 

Copper,   17*2 

Arsenic, •   14*0 

Sulphur, 12-G 

Water,     3-4 

Foreign  bodies,  •  •  •  •     6.9 

Loss,    '4 

1000 
If  we  suppose  the  water  and  the  earthy  residue  to  be  only 
accidentally  pressnt,  then  the  only  essential  constituents  are 
the  first  four,  and  the  ore  would  be  a  compound  of 

Iron,     51-0 

Copper, 19«2 

Arsenic, 15  7 

Sulphur,      «  14*1 

100-0 
If  we  compare  this  analysis  with  several  analyses  of  gray 
copper  ore,  lately  published  by  Klaproth,  we  shall   find, 
that  the  constituents  are  the  same  in  both ;  but  the  propor- 
tions 
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tioni  of  the  first  two  ingredients  are  very  nearly  reversed. 
KUproth  obtained  from  0*4  to  0*5  of  copper,  and  from 
0*2;2  to  0*27  of  iron.  This  renders  it  obvious,  that  the  two 
ores  were  not  in  the  same  state.  1  liave  little  doubt,  that 
the  difiference,  however,  is  merely  apparent,  and  that  it 
arose,  altogether,  from  a  quantity  of  iron  pyrites,  and 
,  perhaps  also  of  arsenic  pyrites,  which  1  could  not  separate 
from  the  gray  copper  ore  which  I  examined.  Both  ef  these 
minerals- could  be  distinctly  seen  in  many  of  the  specimens, 
intimately  mixed  with  the  gray  copper;  and  T  hare  no  doubt, 
that  the  same  mixture  existed,  t'ven  in  those  specimens 
which  were  selected  as  purest.  The  difTerenc^r  in  the  pro* 
portions  cf  copper  and  arsenic,  obtained  by  Kliiproth*  in 
his  various  analyses,  is  so  considerable,  as  lo  lead  to  a  sus- 
picion, that  even  his  specimens,  in  all  probability,  contained 
a  mixture  of  foreign  matter. 


IV. 

Researches  on  the  Oximuriatic  Acid^  Us  Nature  and  Combi^ 
nations ;  and  on  the  Elements  of  the  Muriatic  Acid.  With 
some  Experiments  on  Sulphur  and  Phosphorus^  made  in 
the  Laboratory  of  the  Royal  Institution*  By  IL  Davy, 
E^q.  Sec.  R.  S.  Prof.  Chem.  R.  L  F.  R.  S.  E. 

f  Concluded  from  voL  XXV JI,  p.  337.  J 

JL  SHALL  occupy  the  time  of  the  society  for  a  few  minutes 
only,  for  the  purpose  of  drtailing  a  few  observations  con* 
nected  with  the  Bakerian  lectures  delivered  in  the  last  two 
years;  particularly  those  parts  of  them  relating  to  sul* 
phur  and  phosphorus,  which  new  and  more  minute  inqui- 
ries have  enabled  me  to  c6rrect  or  extend. 

I  have  already  mentioned,  that  there  arc   considerable  Diffexencea  in 
differences  in  the  results  of  expeiiments  made  on  the  action  ^^*  re&ult^of 


•  Gehlen\  Jour.  yoI.  V,  p  9,  11,  13. 


of 


58  ,  BKSBARCHBt  ON  SULPHVft  AND  PHOSP0ORtTf# 

«)cperiiiients     of  potDSsium  on  sulphur  and  phosphorus,  and  their  comliM 
•••"^P^"!^'**'  nations  with  hidrogen,  according  to  different  circumstances 
of  the  process.     I  shall  now  refer  to  such  of  these  circuin* 
stances*  as  I  have  beeix  fully  able  to  investigate, 
tttlphor  con*       The  able  researches  of  Dr.  Thompson  have  shown>  that 
Ciliis an  acid,    ^ulpbur,    iu   its  usual  state,   contains  small  quantities   of 
acid  matter  ;  and  though,  in  my  first  experiments,  I  con- 
ceived that  by  employing  crystallized  native  sulphur,  which 
cvtMi  wben       had  been  recently  sublimed  iu  nitrogen,  1  should  avoid  the 
Bltrffg^  "*      presence  of  any  foreign  matter,  yet  1  urn  inclined  to  believe, 
that  this  is  not  the  case;  for,  by  subliming  some  similar 
sulphur  in  nitrogen,  I  find,  that  litmus  paper  placed  in  the 
upper  part  of  the  retort  is  slightly  reddened. 
Reionnitnt         When  potassium  is  made  to  unite  with  sulphur,  if  the 
sulphur  when  ^^'^^^  employed  is  not  lined  with  sulphur,  some  of  the 
cooibiainjs        potassium  is  destroyed  by  acting  upon  the  glass  ;  and  when 
iim«  1<^>^^  quantities  of  sulphur  are  used,  it  is  very  difficult  to 

decompose  the  whole  of  the  sulphurct  of  potassium  by  an 
Sulphuretted    acid  :  sulphuretted  hidrogen  likewise  is  soluble  in  muriatic 

cvolved'fiom    &^^<^>  ^^^  ^^^^  circumstance  led  me  to  underrate  the  quao- 
II  underrated,   tity  of  sulphuretted  hidrogen  given  off  in  experiments  of 

this  kind*. 
Another  er-         In   acting  upon  sulphuretted  hidrogen  by  potassium   in 
tour  pointed     my  early  experiments,  1  used  large  quantities  of  the  gas 
and  of  the  metal ;  and  in  these  coses  I  have'  reason  to  be- 
lieve, that  the  violence  of  the  combustion  occasioned  the 
decomposition  of  a  considerable  quantity  of  the  gas  ;  und, 
in  consequence,  led  me  to  form  erroneous  conclusions  ccn^ 
^         cerning  the  nature  of  this  curious  o{;erutio:). 
More a-xurate       Inall  late  experiments,  in  which  sulphur,  or  sulphuretted 
ductinsi^ese    hidrogen  was  concerned,  I  have  u&ed   muriatic  acid  satu- 

*  This  circumstance  has  been  poiated  out  by  Messrs  Gay-Lus«ac  and 
Thenard,  in  a  paper  printed  in  the  Journal  de  Physique  for  Decern* 
her,  in  which  these  gentlemen  endeavour  to  show,  that,  whether 
potassium  has  been  acied  upon -by  large  or  small  quantities  of  sulphur, 
an4  under  ail  circumstances,  it  evolves  a  quaoiity  of  gas  exactly  equal  to 
that  which  it  produces  by  the  action  of  water.  I  have  been  able  to  gain 
no  results  so  precise  on  this  subjecU  I  have  in  another  place  (the  same 
journal  in  which  their  uiemoir  hjv  appeared)  otfcrcd  some  observAiiona 
en  their  inquitiea. 

rated 
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rated  with  sulphnrettril  hidrugen  otm  mercnty.    1  have  em-  "pciimenw, 
ployed  fiulphnr  distilk.l  from  iron  pyrile»  iu  vacuo,  which  a^il^j  frV  "^ 
did  not  in  the  »li';lilest  degree  iiffect  litmus  pnper,  nod  I  iiyriio  ii 
have  coLnbineJ  il  with  potHssmai  tn  retorts  of  green  glass,"""'"'" 
or  plate  glHcs  lined  with  sulphur,  nrid  filled  with  very  pure 
nitrogen  or  hidru^ea.     la  mukiiig  potassium  set  upon  «iil- 
phuretle<l  hidrogen,  1  have  employed  the  gas  only  in  the 
quantitiea  of  from  1    to  3  cubiral  inches,  and  ba*e  made 
the  combination  iu  narrow  curved  tuliei  of  green  glau  over 
dry  mereury.     VVith  nil  these  precautions,  and  after  bavins;  Reiulu  ■ 
made  a  great   number  of  experiments,  I  am  not  able  to  ^"'"^"^ 
gain  perfectly  uniform  results.     Yet  there  is  a  suflicient 
vnrres pond e nee  between  them,   to  enable  me  to  fono  con- 
clusions, which  1  may  venturt:  to  say  cannot  be  far  from  the 
truth. 

When   1  grain  of  twtussium,  which  would  give  hy  the  Action  of  pot- 
actiou  of  water  alwut  I  cubical  inch  and  A  of  hidrogen,  is  »^''"",  ""  '"'' 
made  to  act  ii|;au  ubuut  half  a  grain  of  sulphur,  somv  prupoiiioD, 
sulphur   sublimes  duriug  the   couibiuation,  which   always 
takes  pinee  nith  heal  and  light;  and  from  i^^  to  ^V  of  a 
cubirni  inch  of  sulphuretted  hidrogen  is  evolved.     The  * 

CDinpound  aetcd  on  by  muri<ilic  acid,  satm-ated  with  sul- 
phuretted hidrogeu,  alTords  from  i^  to  H  of  a  cubical  inch 
of  pure  sulphuretted  bidro^eu. 

When  more  sulphur  is  used,  so  as  to  he  from  twice  to  and  in  lit^i 
ten  times  the  weiijhl  of  the  potassium,  the  tiuantityof  sul-  P"ponl»ii. ,» 
phurelled   hidro^en  evolved   by  the  action  of  the  acid  is  ' 

from  -^g  to  ^;  but  if  heat    be  applied  to  the  coinbina- 
liou,  so  as  to  drive  otf  the  siipftfliious  sulphur,  the  (]iiBn- 
tity  of  gas  collected  is  very  little  iufetior  lu  (hat   produced 
from  the  comhinution  in  whi<-h  ii  small  propotliim  of  sul- 
phur is  used  ;  and  I  am  inclined  to  believe,  from  the  phe-  * 
nomeiiH  prt^ented  in  o  gteut  noniber  of  exgierimcnta,  that 
sulphur  und  potaskinm,  nlieu  heated  together  under  com- 
mon  circumstances,    combine  only  in  one  proporti'^n,  in  Thpj-combLn* 
which  the  metnl  is  lolhe  sulphur  nearly  as  9  to  1  m  weight;  oni)  i»  one 
and  in  whieh  the  (juantiiies  tire  such,  that  ihv  compound  ^^^ 
burns  into  neutral  sulphate  of  potash. 

When  a  ^ain  of  irotaiisiutn  is  niuile  to  act  upon  about  Aciionuf  po^ 
1-1  cubical  inchehof  Bulphiirelicd  hidru^en,  all  the  hidrogen  ^hu^^illj  J "'' 
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4raf€n»lndaei8  set  free,  tod  a  solphuret  of  potaseium*  containing^  one 
proportions      foarth  of  sulphury  is  formed,  exactly  the  same  as  that  pro- 
duced by  the  immediate  combination  of  sulphur  and  the 
metal, 
and  in  larger        When  sulphuretted  hidro||^  is  employed  in  larger  quan- 
proportion.      titles,  there  is  an  absorption  of  this  gas,  and  a  volume  is  taken 
up  about  equal  to  the  quantity  of  hidrogen  disengaged; 
and  a  compound  of  sulphuretted  hidrogen  an^  sulphuret  of 
potassium  is  formed,  which  gives  sulphuretted  hidrogen  by 
the  action  of  an  acid,  nearly  double  in  quantity  to  that 
given  by  the  &ulphuret  of  potassium.  ^ 

Potattium  From  a  number  of  experiments,  I  am  inclined  to  be- 

combines  with  \\^^  i}^i  potassium  and  phosphorus,  in  whatever  quantities 
phosphorus  ;"•   «'  *  j  *       4U  u-  i     •  _.• 

only  in  one.     they  are  heated  together,  combmeonly  m  one  proportion, 

proporuon.      ^  grain  of  potassium  requiring  about  |  of  a  gniin  of  phos- 
phomstoform  a  phosphuret ;  which,  when  acted  upon  by 
muriatic  acid,  produces  from  -^  to  -f  ^  of  a  cubical  inch  of 
phosphu retted  hidrogen. 
Action  of  poi*      Half  a  grain   of   potassium   decomposes    nearly    three 
AMiumoQ        cubical  inches  of  phosphuretted  hidrogen,  and  sets  free 
Wfi.t^         rather  more  than  four  cubical  inches  of  hidrogen  ;  and  the 
phosphuret  formed  seems  to  be  of  the  same  kind  as  that 
produced  by  direct  combination  of  tbe*metal  with  phos- 
phorus. 
Wdifhtofsn       If,  according  to  Mr.  Dalton^s  ideas  of  proportion,  the 
•f  totphn^^  quantity  in  which  sulphur  enters  into  its  combinations  were 
dttced  from  itt  to  be  deduced  from  its  union  with  potassium,  in  which  it 
compounds,     j^g^jj  |q  fQjp^  about  i  the  weight  of  the  compound,  the 
number    representing  it   would   be   13*5.      I   have  lately 
weighed  sulphuretted  hidrogen,  and  sulphureous  acid  gas, 
Sp  trsv.of     ^^^^  great  care:  the  specific  gravity  of  the  first  at  mean 
9ulpharetted    temperature  and  pressure,  from  my  experiments,  is  10045, 

filf^iJlotir*   "^^^^^  differs  very  little  from  the  estimation  of  Mr.  Kir- 
attdgas.  wan:  that  of  sulphureous  acid  gas  1  find  is  30967.     Sul- 

phuretted  hidrogen,  as  I  have  shown,  contains  an  equal 
^  volume  of    hidrogen ;    and   on   this    datum    the    number 

representing  sulphur  is  13*4«  1  have  never  been  able  to 
burn  sulphur  in  oxigen  without  forming  sulphuric  acid 
in  small  quantities ;  but  in  several  experiments  I  have  ob- 
tained from  92  to  99  parts  of  sulphureous  acid  from   100 

of 


iGftCAKcaea  «ir  idlphuk  aud  phosphorus. 


35 


I 


of  |jhgipho-> 


•f  oxigen  in  volume  ;  from  which  I  am  inclineil  to  believe, 
that  snlpliureotii!  aciil  consists  of  sulphur  dissolved  in  an 
rquul  volume  of  oxigeii;  which  would  gire  the  namber  as 
13-7*  nearly,  coasidering  the  acJd  gas  rs  containing  1  p9r- 
tion  of  sul[ihiir,  uod  2  of  oxigt-n  :  and  these  estiuatiotis 
do  not  differ  from  each  other  materially. 

made  sevvril  experimeiils  on  the  combustion  of  w«glitof  ui 
phofi|>hatus  in  oxigen  gus.  From  the  most  accurate,  I  aiu  " 
incliiied  to  conclude  that  35  of  phoGphorus  absorb  in  com-  i, 
bustiofi  about  3*  of  oxigen  in  weight;  and  considering 
phospliaric  ucid  as  compoaed  of  3  proportions  of  onigen 
■nd  I  of  phosphorus,  the  oomber  representing  phosphorus 
will  be  al>out  l6-5,  which  is  not  very  remote  frtm  the  niim- 
ber  that  may  be  deduced  from  the  composition  of  phos- 
phortt  of  potOHsium. 

The  numbers,  «hich  represent  the  proportions  in  which  Sulphutnad 
sulphur  and  phoxphoruB  unite  with  other  bodies,  are  such,  ^^"£o°,7,n 
as  do  not   rxolude  the  existence   of  cotnbined  portioiis  of  (.xigenandhi- 
oxigen   and  hidro;ien  in  their  constilulion;  but   it   may   be  j[r^;|;;';^^;|^;^_ 
(juestioned,  whether  ihe  opinion  which   1   formed,  that  the 
inflammable  gas   disengufr^d  from  them  by  electricity  is 
neci'ssarj-  to  the  peculiar  form  in  which  these  bodies   exist, 
is  not  (rrroneoUA.      Phosphorus,  as  I  have  stated  in  the  last 
Bakeriaii  lecture,  is  capable  of  forming  a  solid  hydruret: 
and  a   part  of  the   sulphur  distilled  fiom  iron  pyriies  i» 
usufilly  of  a  soft  consiatence,  andemitHthe  smell  of  sul- 
phuretled,  hidrogen,  and  probably  conlnins  tbut   body, 
is  not  unlikely,  that  in  all  cases  phosj.horui  and   sulphui 
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pharel  of  pola^tium  » least  accunU^  f<-v  it  wk  onli  hv  cooibmuijE 
*ul|ihur  aod  po'ittiuin  in  smull  piDtnrtions  aixd  «Keriiiiiiii|t  <ii  wltat 
CUM  uncombincd  lulphur  could  be  dislilltii  frum  thu  comijound,  ibit 
I  (liDol  HI)  coDC'utioiit  coiiccinliig  llie  compiuition  al  lh«  lulphuiM  of 

In  llieli^t  Bakerimltclure,  1  h«Te  «Iiinalr-d  tlie  specific  EnrUr  of 
sulpliutetted  hiilrogeii  at  Si  G'»'0"  'be  |i)0  cubicul  inches  "hfeh  *«i 
no!  far  fioni  iha  inen,  LctvrHn  ihe  alinutina!  of  Mr  Klcw-in  tod 
Mr  Tbensrd.  According  lo  ilil*  exppriaienii  tulphuretted  bidrogen  ii 
ol  of  I  ponion  vt  hidioficn,  ie)in.'^ea(ccl  by  1,  ind  1  of  sulpbur 
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from  their  hj-  Contain  small  quantities  of  the  hydrurets  of  phosphorus  and 
dnireu.  sulphur ;  and  the  production  of  a  minute  portion  of  sul- 

phuric acid  in  the  slow  combustion  of  sulphur  is  probably 

P         'd    of^^*^"^^^  ^^^^  ^^^  production  of  w^ter.      Though  the 
them  never      pure  oxides  of  sulphur'  and  phosphorus  have  never  been 
yet  obtained.   Ql,tained,  yet,  from   the  doctrine  of  definite  proportions^ 
these  bodies  ought,    under  certain  circumstances,   to  be 
formed.     And  I  am  inclined  to  believe,  that  they  some* 
times  exist  in  minute  quantities,  in  common  phosphorus 
and  sulphur,  and,  with  hidrogen,  give  to  them  their  vari- 
able properties. 
Phosphorus         The  colours  of  different  specimens  of  phosphorus,   as 
.differs  »«\co-    ^ell  as  of  sulphur,   differ  considerably ;    the  red   colour 
from  a  mix-     ^^  phosphorus,    as    it   is   commonly  prepared,    is  probu- 
ture  of  oxide,   bly  owing  to  a  slight   mixture  of  oxide.      Common   roll 
sulphur  is  of  a  very  pale  yellow ;  the  Sicilian  sulphur  of 
^j^^    *  an  orange  colour ;    and  the  sulphur  distilled   from   iron 

pyrites  in  v^cuo,  which  arose  in  the  last  period  of  the 
process,  of  a  pale  yellowish  green  colour.  All  the  late 
experiments  that  I  have  made,  as  well  as  my  former  re- 
searches, induce  me  to  "suspect  a  notable  proportion  of 
oxigen  in  Sicilian  snlphur  ;  which  is  probal>ly  owing  to  the 
presence  of  oxide  of  sulphur,  which  may  give  rise  to  sul- 
phuric acid  in  distillation  ;  or  to  sulphuric  acid  itself. 
Action  of  oxi-  Conceiving,  that,  if  definite  proportions  of  oxigen  and 
muriatic  acid  hidrogen  existed  in  sulphur  and  phosphorus,  they  ought 
to  be  manifebted  in  the  agency  of  oximuriatic  acid  gas  on 
these  bodies,  1  made  some  experiments  on  the  results  of 
these  operations.  In  the  first  trial,  on  the  combination  of 
•nnuiphur,  sulphur  with  oximuriatic  acid  gas,  I  employed  5  grains  of 
roll  sulphur,  and  aiiroitted  the  gait  iiito  the  exhausted  relort, 
from  a  vessel  in  which  it  had  been  in  contact  with  warm 
water :  in  this  case  more  than  half  a  cubical  inch  of 
oxigen  gas.  and  nearly  two  cubical  inches  of  muriatic  acid 
gas,  were  produced.  Suspecting  in  this  instance,  that 
:iqueous  vapour  had  been  decomposed,  I  employed  cold 
water  in  the  next  experiment,  and  dried  the  gas  by  muriate 
uf  lime ;  in  this  case,  though  Sicilian  sulphur  was  used, 
no  oxigen  gas  was  evolved  ;  and  not  half  a  cubical  inch  of 
muriatic   acid  ;  the  quantity  was  the  same  as  in  the  last 

experiment ; 


r 

r    vxpenment 
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wtpeTiment  ;  nnd  it  wb>  founit,  that  between  l6  anil  17 
cubicil  in<'hea  »f  oiimurUlic  acid  ga*  disappeared  ;  the 
whole  or  ihe  sulphur  was  miblimed  in  the  gas,  and  th« 
liquor  formed  wub  of  a  lawny  orange  colour. 

Nn  oxigen  wibs  expelled  during  the  comhustion  of  pho»>  and  c 
phorns  in  oximuriatie  ncid  gas  ;  nor  could  1  tiscertain,  that  P*""' 
any  muriatic  acid  had  been  formed.     Three  grains  of  phos- 
pliorua   were  entirely  converted  into  iubliinale,  by  the  uh- 
M>r|itiun  of  about  S3  cubical  iuches  and  a  half  of  tlie  gea. 

It  would  seem  from  theve  quantities,  that  the  sulphuretted  P">p' 
liqoid,  formed  by  itublimiii'^  sulphur  in  oximurivtic  acid  p„„g 
gas.  consUts  of  I  propo.-(ion  of  iul)>hur,  represented  by 
fcl3-5,  and  I  of  osimurlatic  gas  represeiiteii  by  as-fl,  and 
that  the  phosphoric  Hubliniate  must  be  componed  of  3  por> 
tione  of  oximuriafie  gas,  represented  by  98'7.  and  1  of 
phosphorus  represented  by  16'5. 


On  ihe  CuUvre  of  Parmeps,  and  their  Ulilily  in  Feediag 
CallUi  by  Charles  Le.  Karbt,  £»q.,  of  the  Island  i^f 
Jersey'. 

SIR, 

JriAVIXG  observed  in  the  book  of   premiums  offered  Culiutt  of 
by  the  society,  that  they  wished  for  information  on  the  cul-  P="*'"=i«» 
tnre  of  pursneps,  which  are  much  used  in  the  island  of 
Jersey;  m   having  practised  it  for  mnny  years,  I  take  thejnjotioy, 
liberty    to   communicate  what  I  know  on  the  subject,  with 
the  result  of  some  comparative  experiments. 

The  culture  of  parsueps  iind  beans  ii  looked  upon  as  one  fo(hop»nJ 
of  the  regular  coarses  of  crops  iti  Ihe  island.     There  is  no  ottU. 
farmer,  be  the  extent  of  his  grounds  ever  so  small,  mho 
does  not  yearly  plant  a  proportionate  quantity,  for  ibe  pur- 
af  fatteuiug  hii  hogs  and  cattle,  or  feeding  his  milcli 
'cows. 

•  Tram,  of  the  SocieiT   i.f  Art»,  vol,  XXVII,  p.  M,    The  lilni 

mnld  wai  toicd  to  Majoc  Lt  Ilacdj  Tor  thii  communicatioii. 
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Thtf  antwer  A  few  years  ogo,  the  cultare  of  potatoes  was  substituted 
poutoM.*^  by  some  farmers  to  that  of  parsneps,  and  appareutly  with 
advantage ;  but  farther  experience  has  brought  them  back 
again  to  their  former  practice*  Potatoes  produce  more 
weight  And  measure  on  a  given  extent  of  ground,  and  may 
be  cultivated  with  less  expense;  still  the  parsnep  is  found 
to  answer  best  for  the  farmer's  purpose.  A  perch  of  the 
island,  which  is  twenty-four  square  feet,  will  produce  on 
an  average  crop  seven  cabots  of  potatoes,  each  weighing 
forty  pounds,  the  same  extrnt  in  parsneps  will  only  average 
six  cabots,  which  weigh  only  thirty-five  pounds  each,  roak* 
ing  twenty*  pounds  weight  in  favour  of  the  potatoes,  but 
they  are  not  so  nutritious  as  parsneps. 
Soil.  Parsneps  will  thrive  almost  any  where,  but  better  in  a 

Mode  of  col-  deep  stiff  loam*  They  are  generally  cultivated  in  the 
island  after  a  crop  of  barley,  in  the  following  manner. — At 
the  end  of  January,  or  the  beginning  of  February,  the 
soil,  which  requires  for  this  purpose  to  be  stirred  from  the 
bottom,  is  either  dug  with  spades  after  a  skimming  plou  gh, 
or  with  two  ploughs  of  different  shapes  following  one  ano- 
ther. The  latter  of  the  two,  invented  some  years  ago  by  a 
farmer  in  the  island,  will  go  to  a  depth  of  fifteen  inches. 
In  both  these  ways,  the  neighbouring  farmers  assist  each 
other:  In  the  season,  it  is  not  uncommon  to  see  forty  or 
fifty  men  in  one  field  digging  after  a  plough.  When  the 
large  plough  is  used,  less  men  are  required,  but  more 
strength  of  cattle :  two  oxen  and  six  horses  are  the  tetim 
generally  used.  Those  days  are  reckoned  days  of  recrea« 
tion,  and  tend  to  promote  social  intercourse  among  that 
class  of  men. 
Betns  dibbled  After  the  ground  has  been  tilled  in  this  way,  it  is  coarsely 
in,  and  then  harrowed,  and  a  sufficient  number  of  women  are  provided 
to  plant  beans.     These  are  dibbled  in  rows  three  by  three 

at  the  distance  of  five  feet  from  row  to  row. 

Two  women  may  plant  one  vergee  in   a  day.     Two  ver- 

gees  and  a  half  being  equal  to  an  English  acre.     Three 

sextenniers  of   parsnep  seed,  (about   4.  of  a  Winchester 

bushel)  are  then  sown  upon  each  vergee,  and  the  whole  is 

finely  harrowed. 

•  SeveotT,  if  the  preceding  numbers  be  right.    C. 

This 
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This  crop  now  rpquir^s  n'l  attendnncelill  the  month  of  Weeding, 
May,  when  weeding  becoiuea  nece«ary.     Tliib  i«  the  moBt 
exiiensivp    part  of   the   culture.     It  is   generally  done   by 
hnrid,  with   v.  small  ueeding  fork,   and  us  the  paraaeps  re-bf  hand, 
quire  to  be  kept  very  clean,  the  expen&e  is  proportiooate  to 
the    quantity   of  weeds.     Thin   lutler  suiiin»er  four  women 
were  employed  twenty-eight  days  each  in  weeding  about 
fi»e  veryees.     I  tried  v  few  perches  with  the  hand  hoe,  and  ""^  *"^ 
thiniit:d  them   like  turnips;  they  proved   Guer   than   those 
which  were  hand  weeded.     In  Guernsey  ihey  make  uae  of  *'"*'=  •P"'*- 
the  »pade  for  this  purpose. 

In  the  beginning  of  September,  the  beane  are  palled  up  D'gfinEup, 
from  among  the  pariiiepa,  and  about  the  latter  end  the 
digging  begins.  The  instrument  used  is  the  common 
three  pronged  fork.  This  work  is  done  gradually  as  the 
cattle  nrunt  them,  till  the  ground  requires  to  be  cleared  for 
iwing  wheat ;  which  after  parsoeps  is  generally  done  about  Followed  by 


niddte  of  December.     They  are  reikoiied  an  excellent  " 
fallow  for  that  kind  of  grain,  and  the  finest  crops  are  gene-,, 
nlly  those  which  succeed  them  ;  as  it  is  a  tap  rooted  plaut,  'f 
it  does  not,  like  the  potato,  impoveriiih  the  surface,  but 
leaves   it  mellow,  and   free  from  weeds,  to  u  succeeding 

When  parsneps  require  to  be  kept  for  the  use  of  cattle,  Modeofkeep- 
they  are  brought  under  dry  sheds,  and  will  keep  good  with-  '"*  """'' 
out  any  cnre  till  the  end  of  March.  Should  they  reouire 
to  be  kept  longer,  they  are  luid  in  double  rows  over  one 
another,  their  heads  outward,  with  alternate  stiala  of  earth, 
which,  when  finished,  have  the  appearance  of  Hmali  walls, 
if  made  circular,  of  small  towers.  Those  for  seed  are 
always  preserved  in-  this  manner,  and  sometimes  carrots  and 
beets  for  culinary  purposes. 

Parsneps  are  not  injured  by  frost ;  afler  haying  been  fro-  Not  injiucd  bf 
!en,  they  are  fit  for  vegetation  ;  the  only  sensible  alieratioo  ''*'■ 
s  their  acquiring  a  sweeter  taste,  and  by  this  perhn|}B  be- 
:aroing    more   nutritive.     They  are  given  raw  to   hogs   and 
O  horned  caUle.     Though  horses  are   fond  of  tluse  roots,  injurlom 
they  are  not  suffered  to  eot  them,  as  ihey  make  thtm  Ian-  honn. 
guid,    and    are    apt   to  injure   their  siijlil.      Their   leaves. 
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Th^vdUiTei  when  wet,   are  to  caustic  as  to  hUnter  the  hands  of  the 
eauinc.  weeders,  and  sometiraes  to  occasion  a  vioknt  inflammation 

in  the  ejes  and  udders  of  the  cattle  feeding  upon  them. 

^?P^  *••*  **      Cows  fed  on  parsneps  in  the  winter  months  give  a  greater 

quantity  of  milk  and  bntter»  and  of  better  flavour^  than 

those  fed  npoiY  potatoes.     The  butter  is  nearly  equal  to  that 

from  spring  gp^ss.     Though  the  root  of  this  plant  has  the 

quality  of  improving  that  article,  it  must  be  observed,  that 

the  leaves  give  it  a  very  disagreeable  taste,  which  however 

is  of  no  consequence  when  intended  to  be  potted,  as  it  goes 

ofi^  in  a  short  time. 

feii  fer  lirsed«      Parsneps  are  dangerous  food  for  sows  before  they  farrow, 

bS'go^  to     ^^^  might  occasion  them  to  lose  their  litter.     Hogs  may 

fatten  hogt,     be  fattened  with  them  in  about  six  weeks.     It  is  the  custom 

daring  that  time,  to  thicken  their  swill  with  the  meal  of 

beans  and  oats  ground  together.     Pork  fattened  in  this  way 

is  very  firm,  and  does  not  waste  in  boiling* 

or  homed  eat^      Horned  cattle  may  be  fattened  with  parsneps  in  about 

^^*  three  months.     I  never  knew  them  used  for  sheep. 

which  are  It  is  the  general  opinion  in  the  island,  that  hogs  or  cattle 

cAh^  iT*'"*^'  ^^  ^^  parsneps  may  be  brought  to  a  condition  for  slaugb* 

tering,  in  less  time,  and  with  half  the  quantity,  that  would 

be  required  of  potatoes.     The  butchers  are  sensible  of  the 

anperiority  of  the  former,   and  will  give  a  halfpenny  per 

pound  more  for  cattle  fattened  with  them,  than  for  such 

as  have  been  fed  any  other  way.     Upon  inquiry  I  was  in- 

^formed,    they   always    contained   a   greater    quantity    of 

tallow. 

This  I  believe  to  be  a  full  account  of  the  culture  and 
use  of  the  parsnep,  and  a  just  comparison  with  the 
potato. 

I  remain.  Sir, 

Your  most  obedient  humble  servant, 

CHARLES  LE  HARDY. 
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Vbsen-alhnsupon  Lumhofis  AiiimaU.     By  J.  Macahtwey, 
£iq.    Communifited  6yEvcKAaD  [Iomg,  £tq,  F.R.S. 


{CoxicMedfrom  vol.  XXVil,  p.  350.; 


A  HE  remarkable  properly  of  timilting  lighl  during  life  Only  ihe  4lan 
is  only  met  with  mitong;  aniniiils  of  the  Tour  last  clasBea  <*f  m"'^m|,"''" 
tucKJeri)  naturtilim,  vji.  mollusca,  insects,  wurins,  and  lighi  while  li- 
zoopliylea.  *'"( 

Tlie   iDollusra  and   worms  eontain  each   but   a  single  Onlf !  lumU 
luminous  species;  the  phulus  daelylas  in  the  one,  and  tJie  "'"^e'lMllti 
Jnereu  notliluca  in  ihe  other.  3d. 

^    Some  species  yield  light  in  the  tight  following  genera  of  Genoa  of  in- 
insects;  tlaier,  lampyris,  Jklgora,  paumn,  scolopendra,  can- ff^'j  """*'"■■ 
cer.  /i/nreHs',   and  iimulai.     The  luminous  species  of  the  iputn, 
genera  Umpyris  uiul  luli^ora  nre  more  numerous  than  is  ge- 
nerally supposed,    if  we  may  judge  from  the  appearance 
of  Inaiinous  or)j;iinB  to  be  seen  in  dried  specimens. 

Among  zoophytes  we  Hiid,  that  the  genera  mriiHja,  beruef,  Gencrsof 
and  pennnlHU,  cootuin  species  nhich  afford  light.  loui liytcs. 

The  only  animals,  which  appear  lo  possess  a  distinct  or-  Animals  with 
gdtiizatioi)  for  ihe  production  of  light,  are  the  luminous 'i'it>'>9  fur  pro. 
•penes  of  lampyrin,  elatur,  fulgnra,  and  paitsus.  "^"s  *    ■ 

The  li^ht  of  the  laitipyiides  i«  known  to  proceed  from  Orgininttie 
•ome  of  the  last  rings  of  the  abdomen,  which,  when    not  f'"'^'"- 
illuminated)  ure  of  a  pule  yellow  colour.     Upon  the  inter-  a  pccolju 
nal  surface  of  these  rings  there  is  spread  a  layer  of  a  pecu-  '"l'swn<*» 
liar  soft  yellow  substance,    which  hiis  been  compared  to 
paste;  but  by  examination  nilh  a  lens  1  found   it  to  be 
oi^unized  like  the  common  interslilial    substance   of  the 
insect's  body,  except  that  it  is  of  a  closer  texture,  and  a 


•  Tbe  animal  diMmreteii  by  Risille  nffihe  coait  o(  Mibbir, 
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paler  yellow  colour.  This  subatance  does  not  entirely  cover 
the  inner  surface  of  the  rings,  bein^  more  or  less  deficient 
along  their  ed^es,  where  it  presents  an  irregular  waving 
outline.  I  have  obwerved  in  the  glow-worm,  that  it  is  al>- 
aorbed,  and  its  place  supplied  by  common  iuterstitial  sub* 
stance,  after  the  season  for  giving  light  is  past. 

The  segraentsi  of  the,' abdomen,  behind  which  this  pectl- 
liar  substance  is  situate,  ar«  thin  and  transparent,  in  order 
to  expose  the  internal  illumination. 

The  number  of  luminous  rings  varies  in  different  species 
of  lampyris;  and,  as  it  would  seem,  at  different  periods  in 
the  same  individual. 

Beside  the  luminous  substance  above  described,  I  hare 
discovered  in  the  common  glow-worm,  on  the  inner  side  of 
the  last  abdomi'ial  ring,  two  bodies,  which  to  the  naked 
eye  appear  more  minute  than  the  head  of  the  smallest'  pin. 
They  are  lodged  in  two  slight  depressions,  formed  in  the 
shell  of  the  riug,  which  is  at  these  points  parikolarly 
transparent.  On  examining  these  bodies  under  the  micros 
scope,  I  found,  that  they  were  sacks,  'containing  a  soft  yeU 
low  substance,  of  a  more  close  and  homogeneous  texture, 
than  that  which  lines  the  inner  surface  of  the  rings.  The 
membrane  forming  the  sacs  appeared  to  be  of  two  layers, 
each  of  which  is  composed  of  a  transparent  silvery  fibre, 
in  the  same  manner  as  the  internal  membrane  of  respiratory 
tubes  of  inserts;  except  that  in  this  case  the  fibre  passf>9 
in  a  spiral,  instead  of  a  circular  direction.  This  mem* 
brane,  although  ho  delicately  constructed,  is  so  elastic  as 
to  preserve  its  form,  after  the  sac  is  ruptured,  and  the  con* 
tents  discharged. 

The  light,  that  proceeds  from  tliese  sacs,  is  less  under 
the  control  of  the  insect,  than  that  of  the  luminous  sub* 
stance  spread  on  the  rings:  it  is  rarely  ever  entirely  extin* 
guished  in  the  season  that  the  glow-worm  gives  light,  even 
durino;  the  day:  and  when  all  the  other  rings  are  dark, 
these  sacs  often  shine  brightly. 

The  circumstance  of  there  being  points,  which  giye  a 
more  permanent  light  than  the  other  parts  of  the  luminous 
rings  of  tlie  abdomen,  has  been  noticed  before  by  the 

Comte 
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Comte  G.  de  JRazouinoaski.  He  states  the  number  of  these 
luinioous  points  to  vary  from  2  to  5** 

I  must  however  remark,  that  I  never  saw  more  than  two  but  probaUf 
of  these  luminous  points,  ""which  were  always  upon  the  last  ****•  ">sccii- 
ring  of  the  body:  and  that  the  figures,  which  accompany 
the  memoir  of  the  Comte  de  Kazoumouski,  bear  scarely 
any  resemblance  to  the  insect  they  are  intended  to  repre- 
sent, from  which  we  may  fairly  suspect  him  of  inaccuracy 
in  other  particuhir;}. 

As  far  as  my  observation  has  extended,  the  small  sacs  of  Thefarehu 

luminous  substance  are  not  found  in  any  species  of  lam-*^™*"  ^ 

^  the  genim* 

pyris,  except  the  glow-worm  of  thi*  country.  ^  Thunberg 
mentions,  that  the  la ni pyris  japonica  has  two  vesicles  on  the 
tail,  which  afibrd  lij^ht. 

The  organs  for  the   production  of  light   in  the   genus  Organ  in  tfaa 
elater  are  situate  in  the  corselet.     These  likewise  consist  fP""^'^ 
of  a  peculiar  yellow  substance,  placed  behind  transparent 
parts  of  the  shell,'  which  suffer  the  natural  colour  of  this 
substance  to  be  seen  through  them  in  tlie  day,  and,  when 
illuminated,  give  passage  to  the  light. 

On  disse<*ting  the  organs  of  light  in  the  elater  noctilucus, 
I  found  that  there  is  a  soft  yellow  substance,  of  an  oval 
figure,  lodged  in  the  concavity  of  the  yellow  spots  of  the 
corselet,  which  parts  are  |>aiticu1arly  thin  and  transparent 
in  this  species.  This  substance  is  so  remarkably  close  in 
its  structure  that  at  first  view  it  appears  like  on  inorganic 
mass ;  but  with  a  lens  it  is  readily  perceived  to  be  com- 
posed of  a  great  number  of  very  minute  parts  or  lobules, 
closely  pressed  together.  Around  these  oval  masses  the 
interstitial  substance  of  the  corselet  is  arranged  in  a  radi- 
ated manner;  and  the  portion  of  the  shell,  that  immediately 
covers  the  irradiated  substance,  is  in  a  certain  degree  trans- 
parent, but  less  so  than  that  which  lies  over  the  oval  masses ; 
it  is  therefore  probable,  that  the  iuterstitial  snbstance  in 
this  situation  may  be  endowed  with  the  property  of  shining. 
A  fasciculus  of  the  muscles  of  the  corselet  arises  in  the  in- 
terior of  the  oval  masses  of  th6  luminous  substance,  but 
not  apparently  with  any  design  ;  as  it  contributes,  with  the 
adjacent  fasciculi,  to  move  the  anterior  feet. 

^  Mtm.  <l€  la  Soc.  dc  Lausanne,  Tom.  ii. 
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'  In  the  eloter  Ignitus,  the  masses  pf  luminons  substance 

are  extremely  irregular  in  their  figure:  they  are  situate 
Dearly  at  the  pot»terior  angles  of  the  corselet,  and  are  more 
loose  in  their  texture  than  the  oval  masses  of  the  noctilucus, 
resembling  rather  in  composition  the  interstitial  sul^stance* 
which  surronnds  these  masses  in  that  s^iecies.  The  shell 
of  the  corselet  is  somewhat  thinner,  and  more  trausparent 
along  both  sides  of  the  margin,  than  at  other  places;  but 
it  is  not,  as  in  the  noctilucus,  elevated,  and  peculiarly 
clear  and  thin,  immediately  over  the  seat  of  the  luminous 
organ ;  consequently  the  light  emitted  by  the  elater  ignitos 
cannot  be  very  brilliant. 

I  have  not  been  able  to  procure  any  specimen  of  the 
elater  phosphorea :  but  from  the  accounts  of  naturalists  it 
appears  to  resemble  in  every  respect  the  elater  noctilucus; 
indeed  I  have  great  doubts  of  the  phosphorea  being  a  dis- 
tinct species. 

Offin  in  th«  I  have  had  an  opportunity  of  examining^  preserved  in  a 
moist  way,  two  species  of  fulgora,  the  candelaria  and  lan- 
ternaria.  The  light  in  this  genus  has  been  observed  to  issue 
from  the  remarkable  proboscis  of  tlie  fore  part  of  the  head* 
This  part  has  always  been  described  by  authors  as  hollow^ 
or  empty,  which  I  have  found  to  be  perfectly  correct;  and 
what  is  more  extraordinary,  that  the  cavity  communicates 
freely  with  the  external  air,  by  means  of  a  chink  or  nar- 
row aperture,  placed  oj\  each  side  of  the  root  of  the  pro- 
boscis. This  projection  is  covered  internally  by  a  mem- 
brane, between  which  and  the  horny  part,  or  s»hell,  there 
appears  to  be  interposed  a  pale  reddish  coloured  soft  sub- 
stance, that  is  arranged  in  the  candelaria  in  broad  lines  or 
stripes;  but  it  is  so  thin,  that  L  could  not  distinctly  exa- 
mine its  structure,  or  absolutely  determine,  whether  it 
should  be  considered  as  a  substance  intended  to  furnish  the 
Hgbt  of  these  insects,  or  the  pigment  upon  which  the  co- 
lour of  the  proboscis  depends. 

Pimsits  sphcro-      The  globes  of  the  antennse  constitute  the  organs  of  Ught 

^'^*'*-  in  the  pausus  spherocerus.     Dr.  Afzelius,  who  discovered 

^e  luminous  property  in  this  species,  compares  them  to 
lanterns  spreaditig  a  dim  phos^phoric  light*.     The  rarity 

•  Lin.Tnns.  Vol.  IV. 
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of  the  insect  pul  it  out  of  my  power  to  examine  its  struc- 
ture, but  from  the  form  and  ttituatiou  of  its  organs  of  light, 
it  is  most  probable  they  are  constructed  like  those  of  the 
fulgorse. 

It  has  been  conje9tured  by  Carradori  and  others,  that  The  light  refa. 
the  lampyrides  were  enabled  to  moderate  or  extinguish  their  **      "Vi,**^ 

^^  ,        '  ,  ^  any  visible 

light,  by  retracting  the  lominous  substance  under  n  mem-  mectiaiusm, 

brane;  but  neither  in  them,  or  any  of  the  other  luminous 
insects,  have  I  found  on  apparatus  of  this  Fort*     The  sub- 
stance furnishing  the  light  is  uniformly  applied  to  corre- 
sponding transparent  parts  of  the  shell  of  the  insect,  whence 
it  is  not  moved  ;  indced^a  membrane,  if  it  did  exint,  would 
have  but  little  effect  in  obscuring  the  light,  and  never  could 
serve  to  extinguish  it.     The  regulation  of  the  kind  and 
degree  of  the  luminous  appearance  does  not  depend*  upon 
any  visible  mechanism;  but,  like  the  produriton  of  the  ^"^  ^y  ^nw 
light  itself,  is  accomplished  by  some  inscrutable  change  iw  lumiflou*  mai- 
the  luminous  matter,  which  in   some  animals  is  a  simple .ter. 
operation  of  organic  life,  and  in  others  is  subject  to  the 
will. 

It  is  worthy  of  remark,  that,  in  all  the  dissections  I  have  The  light  of 
made  of  luminous  insects,  I  did  not  find;  that  the  organs  »nstxts  uncon- 
of  light  were  better,    or  differently  supplied  with  either  nervous  eaer- 
nerves  or  air  tubes,  than  the  other  parts  of  the  body.     The  K/* 
power  of  emitting  light  likewise  exists  in  many  creatures 
which  want  nervos,  a  circumstance  strongly  marking'  a  dif- 
ference between  animal  light,  and  animal  electricity. 

With  the  exception  of  the  animals  above  mentioned,  the  In  other  ani- 

exhibition  of  light  depends  upon  the  presence  of  a  fluid  »n^l«  the lumi- 

o  t-  r  r  nous  matter  n 

matter.  Auid : 

In  the  pholas  dactylus,  the  luminous  fluid  is  particularly  as  in  the  pho- 
evident,  and  in  vast  quantity;  it  is  recorded  by  Pliny,  that  ^^^l-^^^^^^^S 
this  fluid  is  like  liquid  fihosphoruK,  and  renders  every  ob- 
ject luminous,  with  which  it  comes  into  contact.    Reaumur 
also  found,  that  it  was  difl^usible   in  water,  or  any  other 
fluid,  in  which  the  animal  might  be  immersed*. 

The  shining  of  the  scolop^ndra  electrica  I  have  always  t^colopemlfa 
observed  to  be  accompanied  by  the  appearance  of  an  eff'u- ®**'^^"" ' 

•  M»:m   de  TAcud.  dc's  Sc.  1712. 

sion 


4S 


ON    LUMINOUS  ANIMALS. 


aereUtiocti- 


md  others. 


tioD  of  a  romiooos  fluid  upoo  the  surface  of  the  animal, 
more  particularly  about  the  head ;  which  may  be  received 
Upon  the  handy  or  other  bodies  brought  into  contact  with 
the  inject  at  the  moment;  and  these  exhibit  a  phosphoric 
light  for  a  few  seconda  afterward.  This  fluid,  however*  I 
never  could  discover  in  the  form  of  moisture,  even  upon  the 
clearest  glass,  although  examined  immediately  with  the  most 
scrupulous  attention  by  a  lens :  it  must  therefore  be  ex- 
tremely attenuated. 

The  same  appearance  has  been  observed  during  the  illa- 
minatioo  of  the  nereis  noctiluca  by  Fougeroux  de  Bonda- 
roy*. 

The  animal  discovered  by  Riville  shed  a  blue  liquor, 
which  illuminated  the  water  for  a  dibtunce  of  two  or  three 
lines  f. 

Spallanzani  relates,  that  the  medusa,  which  he  examined, 
communicated  the  property  of  shining  to  water,  milk,  and 
other  fluids,  oh  being  rubbed  or  squeezed  in  them  %, 
This  fluid  par-      The  lutninous  fluid  in  in  some  instances  confined  to  par- 
uai«or|eneiaL  tjcular  parts  of  the  body,  and  in  others  is  diffused  through- 
out the  whole  substance  of  the  animal. 

In  the  scolopendra  elect rica,  it  appears  to  reside  imme- 
diately under  the  integuments.  In  the  1}  nceus  discovered 
by  Riville  it  is  contained  in  the  ovary.  If  I  may  judge 
from  my  own  observations,  every  part  of  the  body  of  the 
mcduMe  is  furnished  with  this  fluid,  as  there  is  no  part  I 
have  not  seen  illuminated  under  different  circumstances; 
but  Spallanzani  afBrms,  that  it  is  only  found  in  the  large 
teutacula,  the  edges  of  the  umbella,  and  the  purse,  or  cen- 
tral mass;  which  he  proved,  he  says,  by  detaching  these 
parts  successively,  when  they  shone  vividly,  \%hlle  the  rest 
f>f  the  body  neither  gave  light,  nor  cominunicuted  any  lu- 
minous appearance  to  water  §. 

Spallanzani  discovered  a  mncous  luminous  fluid  in  the 
plumule  of  the  pennatula  phosphorea  j|. 

•  M^m.  de  TAcail.  ties  Sc  1767. 

t  M^m.  Etrang.  de  TAcad.  des  Sc.  Tom.  Hi. 

}  Spallsinzani's  Travels  in  the  Two  Sicilies,  Vol.  iv. 
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The  phenomenoD  of  animal  light  has  been  attempted  to  Theories  of 
be  explained  in  different  ways.     By  many  persons  it  wat  ^ 

formerly  ascribed  to  a  putrefa<;tive  process ;  but,  since  the 
modem  theories  of  combuRtion^>ecame  known,  it  has  been 
generally  believed  to  depend  upon  an  actual  inflammation 
of  the  lumous  substance,  similar  to  the  slow  combustion  of 
phosphorus*  Others  have  accounted  for  the  luminous  ef- 
feet,  by  supposing  the  matter  of  light  to  be  accumulated, 
and  rendered  latent  under  particular  circumstances,  and 
afterward  evolved  in  a  sensible  form. 

The  opinion  of  the  light  of  living  animals  being  the  con-  It  cannot  b«  ^ 
sequence  of  potrefaction  is  evidently  absurd,  and  contra-  ?^^J|^^"* 
dictory  to  all  observation  on  the  subject.  It  has  been  proved 
by  the  experiments  of  Dr.  Hulme  and  others,  that  even  the 
luminous  appearances  of  dead  animals  are  exhibited  only 
during  the  fiist  stages  of  the  dissolution  of  the  body,  and 
that  no  light  is  emitted  after  putrefaction  has  really  com- 
menced. 

Spallanzani,  who  was  the  most  strenuous  advocate  for  the  Aifumenti  foe 
phosphorescent  nature  of  animal   light,  stated,  that  glow-  piioreMrent by 
worms  shone  more  brilliantly  when  put  into  oxigen  gas ;  SpalUuzaqi 
that  their   light  gradually  disappeared  in  hidrogen  or  in 
azotic  gas,  and  was  instantly  extinguished  in  fixed  air;  that 
it  was  also  lost  by  cold,  and  revived  by  the  application  of  % 
warm  temperature.      He  conjectured,  that  the  luminous 
matter  of  these  insects  was  composed  of  hidrogen  and  car- 
bonated hidrogen  gas. 

Forster  relates,  in  the  Lichtenberg  Magazine  for  1783,  and  Forster. 
that,  on  putting  a  latnpyris  splendid ula  into  oxigen  gas,  it 
gave  us  much  light  as  four  of  the  same  species  in  common' 
air. 

Carradori  has  made  some  experiments  upon  the  lucciole.  Arguments 
(lampyris  italica)  which  led  him   to  deny  its  phosphores-  *y»""J  '"  ^f 
cence.     He  found,  that  the  luminous  portion  of  the  belly^ 
of  the  insect  shone  in  vacuum,  in  oil,  in  water,  and  different 
liquids,  and  under  dilferent  circumstances,  where  it  was  ex- 
'^    eluded  from  ull  communicution  with  oxigen  gas.     He  ac- 
*    counts  for  the  result  of  Forsler's  experiment,  by  supposing*^ 
that  the  worm  shone  more  vividly,  because  it  was  more  ani- 


mated in  oxigeo  gas  thau  in  common  air. 
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Sttppoiad  by  Carradori  adopts  on  this  subject  the  doctrine  of  Brngna* 
l£eUrto  he*^'  telli,  and  ascribes  the  luminous  appearances  of  animals'^  to 
the  matter  of  the  condensation  and  extrication  of  light  in  particular  or- 
^S^^  gans,  which  had  previously  existed  in  combination  with  the 

substance  of  their  bodies.  He  supposes  the  light  to  be 
originally  derived  from  the  food«  or  the  atmospheric  air 
taken  into  the  body :  in  short,  that  certain  animals  have 
the  peculiar  property  of  gradually  imbibing  light  from 
foreign  bodies,  and  of  afterward  secreting  it  in  a  sensible 
form  ♦. 
Experimentt  The  following  experiments,  which  I  made  upon  this  sub- 
by  thm  auihor.  ject,  would  lead  me  to  make  different  conclusions  than  those 

of  the  preceding  authors. 
Glow-worm  ia      Exp*  1.     A  glow-worm  was  put  into  a  glass  of  water,  in 
water  lunii-     which  it  lived  nearly  two  hours,  and^ continued  to  emit  light 
as  usual,  until  it  died,  when  the  luminous,  appearance  en« 
tirely  ceased. 
The  substance      ^^P-  2.   The  lu  ml  nous  substance  was  extracted  froirt  the 
act  luminoua  beforementioned  glow-worm,  and  from  others  killed  in  dif* 
'       ferent  ways;  but  it  afforded  no  light.  , 

but  luminout       J^^"  3.     The  sacs  containing  the  luminous  matter  were 
when  taken     cut  from  the  bellies  of  Uving  gluw-worms,  and  shone  unin- 
'"^"^*)^*°*'       terruptedly  for  several  hours  ifi  the  atmosphere  ;  and  after 
their  light  became  extinct,  it  was  revived  by  being  moistened 
with  water.     Some  of  these  were  put  into  uater  in  the  first 
instance,  in  which  ihey  continued  to  shine  unremittingly  for 
48  hours. 
Not  luminous      Exp.  4.     The  luminous  substance  of  a  glow-worm  was 
by  heat.  exposed  to  a  degree  of  heat,  which  would   have  been  suf- 

ficient to  inflame  phosphorus,  without  increasing  the  bril- 
liancy of  its'light ;  and  farther,  it  could  not  be  made  to 
burn  by  being  applied  to  u  red  hot  iron,  or  to  the  flame  of  a 
candle. 
A  little  heat  JExp,  5.  A  delicate  thermometer  was  introduced  among 
rpi»arcnily       6ome  livin:?  glow-woims,  during:  the   time  they   ffave  out 

tvolved  duriHg  .  »  n  j    ty 

U)e  shining  of  mnch   light :  the   temperature  of  the   room  beipg  69,'  the 

glow- worms     instrument  rose  to  75,  7G,  and  77,  according  to  circum- 
stances, as  the  warmth  was  reflected  from  the  hand,  or  dis- 

•  Aiinal  di  Chimica,  Toftio  xiii.  1797. 
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•ipated  by  the  worm  crawling  over  cold  substances*  The 
luminous  portion  of^e  tail,  when  very  brilliant^  appeared 
to  raise  the  thermoii^eter  more  quickly  than' the  other  parts 
of  the  body,  but  it  was  not  invariably  the  case.  l\'hen 
shinip^  strongly,  i  thought  that  the  luminous  rings  com- 
municated the  sensation  of  warmth  to  the  hand,  but  this 
was  probably  a  deception,  as  the  actual  degree  of  heat  was 
not  sufficient  for  such  an  effect*  It  should  however  be 
mentioned,  that  in  Terop1ar*s  observations  on  the  glow- 
worm, he  said  his  feelings  deceived  him,  if  he  did  not  ex- 
perience some  heat  from  the  shining  of  the  insect*. 

Exp,  6.  To  sat  iffy  myself  how  far  the  evolution  of  heat  bnt  onlynrhlls 
during  the  shining  of  glow-wotms  depended  upon  the  life^'^y^*'*™**- 
of  the  animals,  I  cut  off  the  luminous  portion  of  the  tail 
from  several  living  worms;  and  i  found,  that,  if  the  ther- 
mometer was  applied  to  them  immediately,  it  was  raised  by 
them  one  or  two  degrees  ;  but  after  these  parts  were  dead, 
although  they  continued  to  emit  light,  they  produced  no 
effect  whatever  upon  the  instrument. 

Exp.  7«  Some  hemispherical  medusae  were  put  into  acMedutcshiMie 
spoon,  containing  a  small  quantity  of  seawater,  and  held  ^hen heated ia 
over  a  burning  catidle.  As  soon  aS  the  water  became  heated, 
the  medusse  appeared  like  illuminated  wheels,  the  spots  at 
the  margin  and  centre  alone  emitting  light ;  in  which  man- 
ner they  shone  vividly  and  permanfintly  for  about  20  se- 
conds, when  they  shrunk  and  died,  after  which  they  were 
no  longer  luminous. 

Exp.  8.     Some  of  the  same  species  were  put  into  spirits :  hamcned  in 
i  strong  and   unremitting  light  was  instantly  given  out,  '1**"^» 
which  issued  from  the  central  and  marginal  parts,  as  in  the 
preceding  experiment,  and  continued  until  they  died. 

Exp,  g.      Some  of   the  Hcintillating  and  hemispherical  or  shaken  ia*a 
species  of  medusa,  contained  in  a  small  glass  jar,  were  in-'^^cuums 
troduced  into  the  receiver  of  an  air  pump,  and,  the  air  being 
exhausted,  they  shone  as  usual  when  shaken ;  if  any  differ- 
ence could  be  perceived,  the  light  was  more  easily  excited, 
and  continued  longer  in  vacuo. 

•  > 

•  Phil.  Tran«.  No.  72." 
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I  wished  next  to  try  the  influence  of  electricity  on   the 
lominous  property  of  oninials. 
but  not  when       Exp,  \0,  A  medusa  hemispherfca  was  placed  in  a  small 
'        gl%S8  dish,  containing  a  quantity  of  water,  merely  suAci^ 
ent  to  allow  the  animal  to  preserve  its  figure ;  heing  insu« 
lated,  it  was  electrified,  and  sparks  drawn  from  it,  which 
had  not  the  slightest  efFect;  the  experiment  was  repeated 
/      several  times  with  different  individuals,  but  without  ex- 
citing the  animals  to  throw  out  light, 
imlenwhcn         Exp.  !!•  Some  hemispherical  medusae  were  placed  in 
wen  pafscd     contact  with  the  two  ends  of  an  interrupted  chain,   and 
thiough  tbrmt  alight  electric  shocks  passed  through  them.     During  the 
very  moment  of  their  receiving  the  shock  no  light  was  visible, 
but  immediately  after  the  medusee  shone^like  illuminated 
wheels^    which   appearance  remained    for   some    seconds. 
Upon  the  closest  inspection  with  a  magnifying  glass,  no 
contractile  motion  could  be  perceived  to  accompany  the 
exhibition  of  the  light*    The  npplication  of  electricity  in 
this  iustance  seems  to  have  acted  merely  as  a  strong  me- 
chanic shock « 

The  above  experiments  on  the  luminous  roedusst^  were 
made  at  Heme,  with  the  assistauce  of  George  May,    Enq., 
of  Stroadhouse,  and  in  the  presence  of  a  large  company, 
capable  of  accurately  distinguishing  their  results* 
GaneraldeduG-      ^^  seems  proved   by  the  foregoing  experiments,  that,  so 
ttoiMfrom        f^f  from  the  luminous  substance  being  of  a  phosphorescent 
]aeHi3.  nature,  it  sometimes  shows  the  strongest  and  most  constant 

light,  when  excluded  from  oxigen  gas ;  that  it   in   no  cir- 
comstances  undergoes  any  process  like  coiubuKtion,  but  ii^ 
actually  incapable  of  being  inflamed  ;  that  the  increase  of 
heat,  during  the  shining  of  gk*w«worms,  is  an  accompani- 
ment, and  not  an  effect  of  the  pnenomenon,  uiid  depehds 
upon  the  excited  state  of  tlie  insect;  and  lastly,  that  heat 
and  electricity  increase  the  exhibition  of  light,  merely   by 
operating  like  other  stimuli  u[;oii  the  vital  properties  of  the 
animal. 
The  Hglit  not       In  confirmation  of  thche  opinions,  I  may  quote  the  high 
*f*<ii«*  by  a"y  authority  of  the  sijcretary  of  the  society,  who  has  found, 
gas.     ^^^^  ^1^^  light  of  the   ^low-worm   is  not    reitdered  more 

)»riiliant  iu  oxrgen,  or  in  oxi^enuTtcd  muriatic  gas,  than  in 

common 
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ct>mmon  air;  and  that  it  is  not  sensibly  diminished  in 
liidrogen  gas. 

I  may  iBrther  add,  that  Spa11anzani*s  experiments  ofSpilUnianrri 
diffusing  the  luminous  liquor  of  the  medusain  water,  mi(k,  «KP«rtn^*« 
and  other  fliiids,  are  in  direct  contradiction  of  his  own  theory ;  own  theorr* 
wi  is  also  the  extinction  of  the  light  of  these  mixtures  by 
the  application  of  a  high  degprte  of  heat. 

If  the  light  emitted  by  animals  were  derived  from  their  Their  light  not 
food,  or  the  air  they  respire,  as  supposed  by  Carradori,  the  J^JJJ^ 'j^*^ 
phenomenon  should  be  increased  or  diminished,  according 
to  the  quantity  of  food  or  air,  that  the  creatures  consume ; 
but  we  do  not  find  this  to  be  the  case ;  for  in  those  situations 
where  they  are  sometimes  found  to  be  the  most  luminous, 
they' are  deprived,  in  a  great  measure,  of  these  assumed 
sources  of  their  light. 

In   fact,  the  lumiuous  exhibitions  of  living  animals  are  snd  indcpen* 
not  only  independent  of  all  foreign  light,  but  are  frequently  ySit?^ ''°'*'^** 
deftroyed  by  the  latter.     I  have  always  found  the  shining 
of  the  medusce  to  ceuse  upon  the  rising  of  the  moon,  or  at 
the  approach  of  day ;  and  when   out  of  the  sea,  I   never 
could  excite  them  to  throw  out  light,  until  they  had  been 
kept  for  some  time  in  the  dark ;  all  the  luminous  insects 
likewise  secrete  themselves  as  much  as  possible  during  the 
day  time,  and  go  abroad  only  at  night.     I  have,  it  is  true, 
found,  that  the  scolopendra.  electrica  will  not  shine,  u^l^»  except perhapt 
it  has  bt^en  previously  exposed  to  solar  light;  but  I  have  »n  the  ncolo- 
observed,  that  it  shone  as    brilliantly  and   as   frequently,  ^^^  '*' 
aAer  being  kept  a  short  time  in  a  light  situation,  ns  when 
iefk  uncovered  the  whole  day.   The  circumstance  of  the  sco- 
lopendra requiring  exposure  previous  to  its  giving  ont  light  *"'*f'^c*P*^o" 
is  very  unacconntable  ;•  as  the  insect,  when   left    to  itself, 
always  seeks  as  much  as  possible  concealment    during   the 
day;  indeed  it  is  the  opinion  of  some  naturalilis,  that  it  is 
killed  by  the  li^ht  of  the  sun. 

The   opinions    of    Brugnatelli    and    Carradori   are   con- ^vheiher  light 
nected  with  some  general  doctrines,  respecting  the   nature  *>«  roaterlal 
of  light,  which  I   shall  not  at  present  venture  tin  discnss.  ^^^J^. 
It  appears  to  roe,    that    the   question   is  still  unresolved, 
whether  light  has  u  substantial  existence,  or  is  a  pheno- 
AenoQ  depending  upon  certain  operations  or  conditions  of 

L  ^  the 
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the  ordinary  forms  of  matter.  But  the  highly  ingenious 
researches  of  Count  Rumford,  on  the  laws  of  what  have 
been  called  subtile  fluids  ;  and  the  extraordinary  advances 
lately  mode  by  Mr.  Davy,  on  the  decomposition  of  sub- 
stances, that  were  hitherto  looked  upon  as  elementary ; 
gpve  us  reason  to  hope,  that  future  investigations  may  un- 
fold views  of  the  mateiial  world,  of  which  we  can  at  pre- 
sent have  only  an  indistinct  conception ;  that  new  modes 
of  analysis  may  enable  us  to  see  things,  not  '*  through  a 
glass  darkly,'*  but  more  iiearly  as  they  are;  and  that  the 
boundaries  of  physical  and  metaphysical  science,  now  so 
far  asunder,  may  be  made  to  approach  ouch  other. 

In  the   present   state  of  our   knowledge,    our  business 
should  be,  to  collect,  arrange,  and  compare  phenomena, 
butthephe-     rather  than  to  speculate  upon  their  nature.     Nevertheless^ 
naMcis\n^"'  I  cannot  refrain  from  observing,  that  the  circumstaucesat- 
■lalt are rathtr  tending   the  luminous  appearance   of  living   animals   are 
^i^t   th*"'    much  more  favourable  to  the  supposition  of  light  being  a 
nuppofiition  of  property,  than  a  substance.     The  quantity  of  light  emitted 
itsl>einga        by  an  animal  in  a  certain  time  (admitting  it  to  be  matter) 
far  exceeds  that  which  could  be  possibly  supplied  by  the 
sources,  whence  it  is  usually  supposed  to  be  derived.    Thus 
the  luminous  appearance  of  some  medusse  may  be  conti- 
nued with  the  intermission  of  short  intervals  for  an  indefinite 
time,  notwithstanding  the  creature  be  kept  in  darkness,  and 
without  any  other  food  than  what  a  small  quantity  of  filter- 
ed seawater   would   afford.     The  uninterrupted  and   long 
continued  light,  that  is  sometimes  evolved  by  the  luminous 
sacs  and  the  ova  of  the  glow-worm,    is  also  inconsistent 
with  the  notioaof  an  accumulation  and  subsequest  dispersion 
•f  a  material  substance. 

I  shall  termiuatc  this  paper  by  an  enumeration   of   the 
f^veral  conclusions,  that  are  the    re&ult  of  the  ohservatious 
I  have  been  able  to  make  upon   the  phenomena  of  animal 
light. 
General  con-         ^^^  property  of  emittins(  light  is  confined  to  animals  of 
claswns.  the  simplest  organization,  the  }{;reater  number  of  which  are 

inhabitants  of  the  sea.-— The  luminous  property  is  not  con- 
Mant,  but,  in  general,  exists  only  at  certain  periods*  and 
isi   particular  states  of  the  auiuiars   body.— The  power  of 

showinsr 
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•lioniug  light  resides  in  ti 
IS  samelimcB  situate  in 
difiused  throUKlxxit  the 
fereiitly  rfgulsted,  when  the  In 
living  body,  and  when  it  is  ulsl 


■ubstBDce  or  fluid,  whioli 
ilui    <irf>i>i),  and  at  others 

Udy,— The  liglil  \s  dif- 
iooiij  matter  exiatd  in  the 
ctcd  trom  it.     in  the  first 


case,  it  is  intermitting,  or  alleniated  with  periods  of  dirk- 
DesHi  in  commonly  iirodiiiW  or  increimed  liy  h  muscular 
effort :  and  is  Hometiiues  abbolutely  dependant  upon  the 
will  of  the  animal.  In  the  second  ca.se,  the  Inmmons  up- 
|)earance  in  usually  peniuinent  until  it  becomea  ealinct, 
after  which  it  miiy  be  restored  directly  by  friction,  concus- 
sioti,  and  the  ap|jUcatioti  of  waroithi  which  lust  causei, 
operate  on  the  luminous  niHtler  (white  in  the  living  body,) 
only  indirectly,  by  excitini;  the  animal.— The  luminous 
matter,  in  all  nitnations.  so  far  from  po^isessiiig  phosphoric 
pTopertiPs,  it  incombuHtible,  and  loses  the  quality  of  emit- 
ting light,  by  being  dfitd,  or  much  heated.  The  exhibition 
Wo!  light,  however  long  it  may  be  continued,  causes  no  dimi- 
^nution  of  the  bulk  of  the  luminous  matter.  It  doea  not 
e  the  presi-uce  of  pure  air,  and  is  not  eKtingnished 


appearance  of  living  animals  is  not  ex- 
frequent  repetition)),   nor 

iml  light;  it  is,  therefore. 


wt  dependent  upon  any  foreign  source, 
■■property,  in  a  peculiarly  organized  an: 
fluid,  uod  is  regulated  by  the  same  lawi 
the  other  functions  of  living  beings. 

The  light  of  the  sea  is  always  prodi 
mats,  and  mo!it  frequently  by  the  prese 
scintillans.      When  great  numbers  of  thii 


appean. 


the  eurliice,  tltey 
that  anowy  or  milky 
■iBrmiiigto  navigators.     T 
on  the  surface  of  the  vialcr 
■omewhat  like  an  electric 
nous  meduaic  are  very  numerous, 
confined  bays,    they    form   a 


but    inheres  s 
mal   suhstunce  ar 
,  which  govern  all 

ced  by  living  atii-  Lurainnusiii 
ice  of  the  medufiu  "^  ""^  *™- 
E  approach 


of  the 


mass  of  the  sea,    : 


nd   cause 

hen  congregatL-d 
a  flash  of  light. 
When  ihe  lumi- 
frequently  happens   in 
iderahle   portion   of  the 


tvliich  times  they   render  the  wat 
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heaTier,  aud  more  nauseous  to  the-  taste;   it  is  therefore- 
advisable  always  to  strain  seawater  before  it  is  drwik. 

The  luminous  property  does  not  appear  to  have  any  con- 
nection  with  the  economy  of  the  animals  that  possess  it, 
except  in  the  Hying  insects,  which  by  this  means  discover 
each  other  at  night,  for  the  purpose  of  sexual  congress. ' 

Explanation  of  the  Figures. 

•  . 

Explanation         '^'B*  ^**  '^^  cancer  fulgeus,   discovered   by  the  Right 
of  the  plaits.    Hon*  Si/Joseph  Banks,  of  the  natural  size* 

Fig.  2.  The  same  animal  magnified. 

Fig«  3*  The  medusa  pellucens,  also  found  by  Sir  Joseph 
Banks,  represented  of  the  natural  magnitude. 

Fig*  4*  The  limulus  noctilucus,  discovered  by  Captain 
Horsburgh,  conbidenibly  enlarged. 

Fig.  5.  The  luminous  medusa,  discovered  by  me,  which 
I  conceive  to  be  the  medusa  hemispherica :  it  is  shown  of 
the  largest  size  I  met  with* 

Fig*  6*  The  central  process  of  this  animal's  body  magni- 
fied, in  order  to  explain  its  structure.  The  thick  tentacula 
in  which  it  terminates  are  seen  covered  with  small  cups  or 
suckers. 

Fig*  7*  The  beroe  fulgens,  discovered  by  me,  shown  iii 
its  most  elongated^ or  relaxed  form,  which  it  assumes  com- 
mouly  when  swimming  quickly. 

Fig.  8.  The  same  animal  in  the  most  contracted  form. 

Fig.  9*  The  minute  species  of  medusa,  discovered   by 
,  me,  which  is  the  most  frequent  cause  of  the  luminciis  ap- 
pearance of  the  sea,  represented  of  the  natural  size. 

Fig.  10.  The  same  animal  magnified,  exhibiting  a  puck- 
ered or  tucked-in  appearance  on  one  side. 

Fig.  11.  Is  the  animalcule  discovered  by  Forster,  of  the 
natural  size. 

Fig.  12.  The  same,  greatly  magnified,  to  show. the  in- 
testinal jmrts.  Both  these  figures  are  copied  from,  the  ori- 
ginal drawings,  iu  the  possession  of  the  Right  Hon*  Sir 
Joseph  Banks. 

♦  Figs  I,  2,  and  3,  will  be  found  in  plate  IX   of  the  precedfog  vo- 
,  \  ame,  the  rest  in  plate  U  of  this. 

Fig.  13. 
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Fig.  13.  Is  an  enlar^d  view  of  the  infenor  surface  of 
the  abdomen  of  the  lampyris  lucida,  after  the  integament 
had  been  removed,  a  aa  represent  the  three  masses  of 
luminous  substance,  which  nre  applied  to  the  three  last 
rings  of  the  abdomen,  bbh  the  arrangement  of  the  ceU 
lular  or  interstitial  substance  on  the  other  abdominal  rings, 
which  gives  the  pale  colour  to  the  whole  belly  of  this 
insect. 

Fig.  14.  Represents  the  common  glow*worm,  with  the 
posterior  portion  on  the  back  cut  away  to  expose  the  sacs 
oriuminous  matter  in  situ  on  the  last  ring  of  the  belly* 
a  indicates  the  sac  of  one  side;   the  intestine  is  seen  to  lie 

between  them. 

* 

Fig«  15  and  l6.  Are  the  sacs  of  the  glow*worm  prodigi* 
ously  magniGed  to  show  their  structure.  Fig.  ]6  is. cut 
open  to  expose  the  luminous  matter  it  contains:  the  coat  of 
the  sac  is  still  seen  to  preserve  its  figure. 

Fig.  17.  Is  the  elater  noctilucus,  with  the  shell  of  the 
corselet  removed  on  one  side^  by  which  the  organ  of  light 
is  uncovered,  a  the  yellow  transparent  spot  of  the  corselet* 
b  the  oval  iiias«8  of  luminous  substance  surrounded  by  aa 
irradiation  of  the  interstitial  substance*  c  the  end^  of  the 
ipuscles  which  were  on  ||ie  inside  of  the  corselet. 

Fig.  )8.  Is  the  posterior  angle  of  the  coi^elet  of  the 
elater  noctilucus  magnified,  a  the  radiated  appearance 
which  the  interstitial  substance  has  round  the  oval  mass 
of  luminous  matter.  This  ipass  is  seen  to  consist  of  a 
Qurober  of  smaller  parts,  b  shows  the  appearance  of  the 
interstitial  substance,  where  it  passes  down  bHweeu  the 
muscles*  p  the  ends  of  the  muscles  of  the  back,  d  the 
shell  of  the  corselet. 

Fig.  19.  Represents  the  elater  igi>itus«  a  is  the  ipass  of 
luminous  substance  of  one  side,  seen  indistinctly  through 
the  back  of  tiie  semitransparent  portion  of  the  corselet,  b 
is  the  luminous  mass  of  the  other  side,  exposed  by  removing 
g  part  of  the  shell  of  the  corselet. 
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Hints  on  various  Modes  qf  Printing  from  Autographs.     By 
G.  Cumberland,  Esq.    In  a  Letter  from  the  Author. 

To  Mr.  NICHOLSON, 

SlR,^ 

jt\S  your  Journal  is  frequently  enlivened  by  liints  of  im- 
provement in  the  Arts,  no  less  than  by  accounts  of  new  in- 
ventions; allow  me,  when  it  is  agreeable  to  you,  to  occupy 
,  a  page  or  two  with  some  thoughts  on  a  subject  particularly 

interesting  to  authors;  and  which  might,  if  reduced  to  prac- 
A  mode  of  .  tice  successfully,  be  of  general  service  to  mankind.  Every 
own  woikir*'  onginnl  writer  justly  laiiients  the  expense,  difficulty,  and 
would  be  very  fraud,  he  is  subject  to,  if  he  gives  his  works  to  the  press.    If 

advantagwius   iherefortj  any  method  could  be  devised,  to  enable  a  man  of 
to  men  of  let*  •'    ,  '    ^    ^ 

ters.  talents  to  be  his  own  printer,  and  take  off  his  own  copies  as 

>    they  were  demanded,  without  the  intervention  of  a  pub- 
lisher, a  new  and  brilliant  era  iii  the  world  of  letters  would 
be  commenced;  that  would  make  thought  and  refiection* 
when  justly  employed,  as  valuable  to  the  possessor  as  the  ta- 
^  lent  for  manual  arts;    and  we  might  bope  to  see  the  day 

arrive,  when  the  profession  of  letters  might  aftbrd  as  proba- 
ble a  means  of  getting  a  fortune  as  any  other  profession  what- 
ever. 

Materials  stig-      In  order  to  accomplish  this  desirable  end,  I  have,  loQg 

C^^'  ago,  run  over  in  comparison    every  substance,  that  might 

possibly  contribute  to  this  purpose.  Metals,  wood,  clay, 
paper, have  not  been  forgotten;  and  although  I  cannot  offer 
any  one  as  liaving  been  fairly  tried,  (owing  to  a  variety  of 
other  occupations),  yet  1  trust  I  may,  by  enumerating  them, 
afford  hints  to  others,  that  may  ultimately  be  useful. 

Copper.  ^y  ^^^  '^^^  ^^^  copper,  written  on  by  a  stile  through 

white  wax,  and  when  printed  perused  backwards  by  means 
of  a  mirror.  *But  this  would  have  demanded  the  talents  of 
a,  Blake 9  who  alone  excels  in  that  art:  or  we  must  have  a 

^*  I  apprehend  there  Is  an  omission  here  of  some  such  words  as  the 
following.    <*  It  might  be  written  upon  backward,** 

child 
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I'hlld  educated  so  to  write  with  correctness.  Besides,  cop- 
|ier  is  too  dear  ever  to  become  useful.  Yet  this  method 
tuight  do  for  short  pieces,  if  furnislied  with  Dr*  Lindas  press* 
(a  ui^eful  instrument,  that  1  beheve  has  never  yet  been  de- 
scribed or  published),  and  I  have  practised  it,  but  is  too 
costly  to  answer  for  large  works.  Let  us  therefore  suppose  stencaiinc. 
a  kind  of  copper  or  brass  latten  to  be  rolled  thin  for  the  pur- 
pose, and  the  writer  to  use  a  very  corrosive  ink,  which  in  n 
sl)ort  time  would  eat  quite  throu^h  the  whole  body.  He 
would  by  this  means  produce  a  stencil  as  fast  a>  he  could 
write,  by  means  of  which  he  would  be  enabled  to  print  the 
right  way. 

Again  let  us  suppose  he  were  to  make  use  of  capital  let*  Pajyer  ttencU. 
ters  only,  acting  as  punches  on  paper,  he  would  by  this  me- 
thod have  a  paper  stencil,  that  would  last  as  long,  perhaps 
longer,  than  the  latten  one. 

Tin    foil   again    might    be    used    in   this  way,    or   fineTinfoi!,or  bit* 
plates  of  bismuth,  for  common  ingenuity  might  overcome  muih. 
the  difHculties  of  the  O  and  other  letters  by  ties.     Many  j^^^    ^^^^^ 
people  will  smile  at  the  idea  of  a  paper  stencil,  who  are  ig-  nnd  impres- 
norant  of  the  nature  of  paper  when  oiled;  but  I  have  been  ^ken'from  an 
witness  lo  Dr.  Lind^  of  Windsor,  printing  from  a  siugle  pro-  oiled  paper 
file  of  the  King,  cut  in  pa|>er,  after  he  had  used  it  for  many  ■^®'"*^"* 
thousand  impressions,  and  saw  that  it  was  still. unimpaired. 

Agaip  let  us  imagine  thin  and  cheap  pannels  of  wood  Wood  covereil 
dipped  in  fine  plaster  of  Paris  so  as  to  coat  both  sides,  and  JJ"!*  1>1«»**'  of 
then  smoothed  and  well  hardened  by  oil :  would  not  such  a  in  relief, 
block  afford  good  impressions,  if  we  were  to  cutdowu  its  sur- 
face, and  leave  the  relief  in  cumeo  ?     This  I  have  tried  in 
blocks  of  plaster  of  Paris,  and  made  clear  and  good  im- 
pressions from  a  drawmg  thus  cut  out  of  a  small   block ; 
which,  if  not  so  hard  as  wood,  is  still  hard  enough  to  impress 
with,  and,  where  few  impressions  only  are  wanted,  a  very 
good  substitute  among  raeu  who  can  make  their  own  draw-   . 
ings,  especially  where  they  are  objects  that  do  not  require    \ 
effect. 

I  have  also  imagined,  that  for  diagrams,  or  plans,  very  p«perg!uHoii ' 
tliick  paper  firmly  glued  to  a  smooth  board  would,  when  the  ^^^d  and  cut 

down 

interior  of  the  design  was  cut  away,  give  relief  enough  for 
printing,   provided  the  lines   were  close  enough;    but  ia 

printing' 
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printinfi^  soch  thini^s  as  this,  we  oufir]|t  to  apply  the  paper 

extendei]  qnite  stiHighf ,  nml  stritie  it  down  by  a  blow  from  ^ 

I  iut  smooth  instrnmentof  tht^size  oF  the  block.  ^ 

Portipool  On  a  Fontipool  teaboard  I  can  with  a  common  stile  or 

^^^»  dry  point  nt  any  time,  with  as  much   ease  as  [  can  draw, 

make  an  etchin»^  where  not  much  force  is  required.    By  the 

same  rule  I  can  write  on  it^  and  nse  it  ns  an  engraved  plate* 

The  papcrteaboards  might  perhaps  even  be  found  more  useful. 

Sanj  to  en-  Ou  pewter,  made  very  soft,  it  is  easy  to  enj^rave,  but  very 

g^Teon  i>cw«  f^^  people  know,  that  on  copper  also  it  is  a«  easy  to*  draw 

or  on  copper     "^'^^  *"  ^^^^  stile,  provided  you   prepare  your  ground  of 

•lightly  coated  common  white  wax  spread  over  it  with  a  dabber  when  the 

wi»    w  1  e       pijite  is  hot.       This  thin  coat  of  white  wax  is  useful  to  re- 


wax. 


Pencil  draw-  ^^^^  ^  pencil  traeinf^  of  your  drawing,  which  may  be  depo- 
tngA  eaiily  en-  sited  on  it  by  a  hiight  friction  applied  to  the  back  of  the 
(laved  thttf.  papci»^  or  if  large  by  the  rolling  press;  and  also  serves  efiec- 
tually  to  prevent  the  dry  point,  or  stile,  from  slipping  when 
Ton  begin  to  scratch  the  copper  through  tlie  waxen  coat. 
The  burs  yon  may  take  off  by  the  common  mode,  or  by 
charcoal  partially  if  you  want  effect. 

But  to  r«turn  from  this  not  quite  a  digression,  (for  if  we 
can  learn  to  write  backwards  this  dry  point  graving,  through 
white  wax,  would  be  the  best  method  of  executing  plates  to 
imitate  writing,  and  is  1  believe  now  used  by  writing  en- 
gravers), let  us  consider  cheapness  of  block  as  an  absolute 
Incombusttble  desideratum ;  and  think  whether,  if  we  can  find  a  material 
'  that  resists  the  eflfect  of  flame,  we  may  not  write  with  that 
material,  and  char  the  rcbt  a  little  way  in,  so  as  to  leave  a 
cameo  letter«-^nd  if  such  a  plan  could  be  executed,  poplar 
and  beech  might  by  machinery  be  soon  reduced  to  level  and 
cheap  blocks.  You  will  perhaps  yourself  smile  when  I  tell 
Blocks  of  car-  you,  that  I  have  used  blocks  (if  they  may  be  so  called),  of 
pieces  of  carrot,  to  impress  mathematical  figures  of  solid 
forms  for  the  purpose  of  facilitating  instruction;  and  that  a 
pack  of  cards  were  thus  made  by  a  son  of  mine  on  an  emer- 
gency, using  iiidian  ink  in.'^tead  of  oil  colour. 

A  seal  fi>r  To  aitamp  prints,  drawings,  or  such  sort  of  property,  a  vo- 

prinu or  fha^--  l^te  j^iiell  ground  down  on  a  hone  makes  the  securest  seal 
imtuied.  *"  ^^^  world;    for  two  cannot  be  made  exactly  alike.     Sec- 

tions of  shelb  are  indeed  the  best  seals  we  can  have,  if  we 

wish 
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wish  to  avoid  tmittttion.  Pearl  shell  and  ivory  are  however 
too  dear  to  bring  them  even  into  nse  as  plates,  and  the  same 
objection  in  a  less  degree  lies  againtt  box  wood*  Glass,  by  ^  . . 
Mr.  Walker*s  method,  decora|)oeed  by  the  Swedish  acid  may,  (lait. 
we  all  know,  be  easily  used  as  a  substitute  for  both  platea 
and  blocks;  but  it  must  tirst  be  ground  flat,  and  that  ex- 
pense puts  an  eud  to  its  utility.  The  soft  turtle-shell  might  Other 
perhaps,  when  veneeretl  on  wood,  be  found  to  answer  the 
purpose  of  printing—but  this  again  will  depend  on  its  abun- 
dance.  SilvcT  also  can  be  delicately  destroyed  by  quick 
silver  so  as  to  make  a  block  for  printing,  the  form  of  the  let- 
ters being  first  trace<]  in  varnish  or  thick  oil ;  but  this  wouki 
only  do  for  ciphers,  or  small  heads  or  tokens,  for  obvious 
reasons.  I  have  also  thought,  that,  if  we  could  write  on  a  Writinf » 
block  of  stone  or  plate  of  glass  with  an  ink  so  thick  as  to  ^>^ 
leav«  the  words  in  relief,  we  might,  by  pressing  putty  on  it, 
take  a  cast  sufficiently  durable  to  make  many  impreflsions  ; 
or  thus  cast  it  in  plaster  of  Paris  from  the  relievo  on  the 
smooth  block,  but  this  would  print  the  words  white  on  a 
black  ground;  perhaps  as  good  or  better  than  black  on 
white,  as  less  dazsling.  ^ 

There  are  other  Ideas,  but  these  are  enough  I  trust  to 
rouse  our  thoughts  on  this  im)>ortant  subject,  and  lest  I  tire 
you  and  T«>ur  readers,  I  conclude  by  assuring  you,  that  al* 
though  I  have  not  the  honour  to  be  known  to  you,  I  am 
always. 

Yours,  &c. 

G.  CUMBERLAND. 

Brisiolj  Aw.  17>  1810. 


VIII. 

On  the  Ciasnficatian  of  Chemical  Agents.    By  Marshall 
Hall,  Esq.  /.  R,  M*  5.  E.    In  a  Letier/rom  the  Author. 


To  Mr-  NICHOLSON. 
Sir, 


In 


your  Journal  for  November,  you  have  given  insertion 
to  a-small  communication  from  me,  **  On  the  Combinations 

of 


So.  '  CLASSIPICATIOSr   OF  CHEMICAL  ASKVTS. 

of  Oxi^n;"  I  now  transmit  to  you  an  applicatioD  of  the 
principle  there  proposed  to  the  clasbitication  of  chemical 
agents.  I  shall  first  present  in  order  the  arrangement, 
which  I  beg  leave  to  sutrgest;  and  afterward,  by  way  of  ela- 
cidatiou,  will  add  a  few  apposite  and  necessary  observa« 
tioDS. 


C/assification. 

CU'rftcatioQ 
of  chemical 
•foati. 

Class     I         Attraction. 
Class  II         Repulsion. 
as  producing  a  varied  state  of  these. 

1 

Heat, 

. 

2 
3 

Light, 

Chemical  rays  of  the  sut(. 

4 

Electricity, 

■ 

5 

Galvanism,  &c. 

Class  III 

Oxigen* 

IV 

Aoxurets. 

1  '  Simple  combustibles, 

2  Metals, 

3  Metalloids. 


Class 


V 

Oxnrets. 

1 

Compound  combustibles. 

a  Sulphur. 

b  Phosphorus. 

c  Azote? 

d  Hidrogen? 

>» 

Acids, 

3 

Oxides, 

4 

Alkalis, 

5 

Earths, 

6 

Water. 

Class  VI       Mineral, 

V II       Vegetable,  and 
•VIII       Animal  compounds. 

Stttdvofasci-      Precise  knowledge  of  the  recondite  phenomena  of  any 
taw  19  bcfin  ggiencc  can  only  be  attained  by  him^  who  has  proviously 

a.cquired 


CLASSIFICATION   OF  CHEMICAL  AGENTS.  gl 

» 
acquired  its  principles;  the  study  of  chemistry  is  therefore  with  Its  prmcU 

properly  beguu  by  an  attentive  consideration  of  those  prin-  ^  *** 

ciples,  by  which  it4  operations  arte  produced  and  explained  ; 

and  consequently  that  arrangement  would  appear  to  be  the 

^ost  proper,  iu  whicli  these  are  made  to  occupy  the  firat 

place.  '  ,    . 

But  I  proceed  to  speak  of  the  three  classes,  which  are  pe^  Classes  peca- 
culiar  to  the  arrangement  proposed.     The  first  of  these  con<*  rangcmeot 
tains  one  substance  only,  namely  oxigen.     My  reason  for 
devoting  to  this  matter  ode  whole  class  is  founded  on  iU 
very  extenbive  importance,  and  more  especially  on  the  rela-  Importance  of 
tion  which  in  this  plan  it  bears  to  the  two  classes  that  follow.     ^    * 
I  believe  there  is  no  substance  in  nature,which  is  not  capable 
of  entering  into  combination  with  oxigen,  except  those  sub« 
stances  which  have  already  suffered  a  comrbination  of  this 
kind:    such  is  the  universality,  and  consequently  such  the 
high  importance,  of  this  chemical  agent. 

This  circumstance,  added  to  the  view  of  the  relation  of  its 
combinations  to  each  other,  which  I  have  partly  given  in  my 
former  communication,  will,  I  trust,  justify  the  plan,  which 
I  have  adopted. 

The  fourth  class  comprehends  those  substances,  which  Substanqes  in 
do  not  contain  oxigen;    the  fifth  comprises  all  substances,  **^* *^'^ <^'^*s 
which  do  contain  this  matter.    The  articles  of  the  fourth  bine  with 
class  do  all  combine  with  oxigen,  and  (as  has  been  formerly  '^'""^  ^  ^* 
stated)  generally  with  each  other:    some  of  the  individuals      ' 
of  the  fifth  class  unite  with  a  still  farther  quantity  of  oxigen, 
and,  as  in  the  last  case,   generally  with  each  other.     But  no 
individual  of  the  fourth  class  will  enter  into  combinatiou 
with  any  substance  which  is  included  under  the  fifth. 

It  has  been  said,    tiiat  all  the  substances  of  the  fourth  except 
class  will  coaibiiie  with  oxigen;  they  may  therefore  all  be  ^'^JJJjj^*^* 
converted  into  articles  of  the  fifth  class;  and  hence  it  be- uxigen. 
comes   possible,   that   any  two   substances   whatever  may, 
through  the  medium  of  oxij^en,  be  made  to  combine. 

I  have  allc^^ed,   that  the  substniices  of  the  fifth  class  will  Subsumceein 
irenerully  combine    with  each  other;    this  however  is   not     "?*'"'** 
univeniuHy  the  case;    for  when  this  combination  does  take  rjlly,  but  not 
place,  c<;rta'm  states,  or  degrees  of  oxidation,  in  the  respite-  "*"^*'"=*"y>  « 
live  article.^  are  rcquirt-d.     Alany  acids  dibsolve  oxid^^s  in  requiring  a  po- 

certain 


/>2  CLAtStPlGATfOV   OF  CHEMrCAt  AGBNTt. 

t 

colbrftrate  of  certain  states  of  ozidatioa  only.    Thus  if  sulphate  of  iron 

**  *       be'  exposed  in  solatioD  to  |he  action  of  the  atmosphere^  the 

iron  become  fisirther  oxidated*  insoluble  in  the  acid,  and 
precipitates.  Hence  arises  an  extremely  curious  fact, 
namely,  that  a  metallic  oxide  may  precipitate  a  different 
oxide  4>f  the  same  metal.  And  on  the  other  hand  it  some* 
times  happens,  that  an  oxide  will  only  combine  with  an  acid 

'  when  this  latter  contains  a  certain  proportion  of  oxi^n  :  this 

occurs  in  the  mixture  of  -the  oximuriatic^cid  with  the  al- 
kalis: a  muriate  and  hyperoximpriate  of  the  alkali  are 
formed. 

orditpeslfig  af-      Of  if  a  combination  of  this  kind  should  take  place,  an 

^'  energetic  disposing  affiuity  it  exerted,  so  that  oxigen  is  at- 

tractecl,  and  the  appropriate  states  of  oxidation  come  to  be 

fulfilled ;  as  is  exemplified  in   the  sulphurets,  sulphites, 

phosphr.ret!j,  ^c. 

ffewaames.  With  regard  to  the  names,  which  I  have  suggested  to  ex- 
press the  articles  of  the  fourth  and -fifth  classes;  I  am  by  uo 
means  convinced  of  the  necessity  for  their  adoption,  and 
less  btill  am  I  satisfied  with  the  denominations,  which  I  have 
ventured  to  ofier,  especially  with  that  of  aoxuret;  or,  as  it 
might  l>e  rendered,  anoxuret.  The  term  ox u ret  was  chosep 
irom  its  conformity  with  the  general  plan  of  chemical  no- 
roeuclature,  as  in  the  examples,  sulphuret,  phosphuret,  hi- 
droguret.  Sec ;  the  privative  particle  a  is  prefixed  to  this 
term,  to  denote  the  Hubstdiices  of  the  fourth  class. 

A>rangemeDt        The  plan,  which  arranges  chemical  substances  according 
elemei?urv    ^^  ^^^^  "**  elementary,  or  compouiul,  is,  from  the  daily  ad- 

or  compund     vancement  of    chemical    scienre,    perpetually    subject    to 

tual  chaiixef  change ;  for  that  substnnce,  u  hich  we  consider  to  day  as  sim- 
ple, may  very  shortly  be  discovered  to  hv  compounded* 
The  classification  of  substances,  foundtfd  on  relation^  in  their 
chemical  proptrties,  since  it  is  not  liable  to  chan^jje  from  dis- 
coveries in  the  analysis  of  bodies,  will  be  more  permanent. 

Advtntaget  of  I  imagine,  that  the  arrangement,  which  I  have  suggested, 

the  kttilior*«  ^\\\  jju  allowed  to  possiess,  independantly  of  the  advantages 
of  the  latter  plan,  certain  others,  whicb  arc  peculiar  to  it- 
self, and  by  no  means  unimportant.  The  assistance  which 
it  nffords  to  the  memcry,    and  the  extensive   knowledge  it 

convtvs 


Oir  MILITAftT  ftOCXETf.  ^  6) 

conveys  of  sohsUnces  which  admit  of,  or  resist,  mutual  com* 
binatioo,  are  the  advantages  to  which  I  allude. 

I  am.  Sir, 

Vours  obediently, 

MARSHALL  HALL. 

Unwersity  of  Edinburgh^ 

Dec.  J3,  1810. 


IX. 

Remarks  an  MiHtary  Rockets;  by  Mr.  Hums*    In  a  Letter 

from  the  Author. 

To  Mr.  NICHOLSON. 
SIR, 

JL  HE  description  of  the  military  rockets,  detailed  in  the  improvements 
last  number  of  your  excellent  Journal,  affords  me  another  offered  to 
opportunity  of   recognizing   the  «cj^i;mes  and    proposals^  o^,^,^^^  1,- 
which,  above  seven  years  ago,  I  oilered   to  the  Board  of ^^^  author. 
Ordnance.     On  this  subject  I  have  more  to  say  than  would  . 
be  proper  to  intrude  upon  your  pa^:e8,  which  ought  not  to 
l>e  overcharged  with  controversial  matter;  but  as  this  ques- 
tion is  of  considerable  import  to  myself,  for  reaisons  1  will 
not  here  explain,  i  trust  to  your  indulgence  to  admit  this 
letter  into  the  Philosophical  Journal. 

In  your  correspondent's  communication,  there  are  some  and  applicable 
mouo|>olizing  assumptions,    concerning  these  instruments,  <o  mittUe'in- 
ugainst  which  I  must  enter  a  decidod  protest;  particularly  ^J"^**     " 
as  1  feel  my  character  as  well  us  name  implicated  in  the 
i|nebtion  in  all  its  be:irin^;s,    whetlier  it  concern  the  rockets, 
or,  as  they  were  origiimlly  named,  the  pyrotechnic  arrows* 

The  lirst  of  these  sweeping  conclusions  i^  ihe  following. 
Speaking  of  rockets  generally,  the  author  informs  us  **  of 
thtir  not  having  been  u»ed  until  very  recently  as  implements 
of  warfare.*' 

Now,  to  set  this  as>ertion  ut  retit  for  ever,  we  have  only  Rockets  u*>ed 

to  refer  Lu  ihe  lale  wars  in  India, 'under  Marciuii  Cornwal-  |n«hcwarsof 

*■  liuluu 


^  OW  MILITARY  ROCKBTB. 

lis;  and,  I  should  think,  there  were  few  officers  on  thmt 
«ervice»  who  did  not  witness  the  employment  of  rockets  as 
«•  implements  of  warfare."  But  this  is  not  all,  for  in 
Major  Dirom's  *<  Narrative  of  the  Campaign  in  India, 
179^»"  we  read  of  **  a  heavy  fire  of  cannon,  musquetry, 
^^  and  rockets^  opened  from  the  works.*'  The  author  adds, 
indeed,  thut  *<  the  fire  from  the  garrison  was  luckily  ill  di- 
**  rected."  In  other  parts  of  the  same  volume,  we  have — 
**  The  enemy's  line,  on  being  approached,  opened  upon 
•*  them  (our  troops)  with  grape,  musquetry,  and  rockets." 
— "  The  Sultan — sent  a  party  of  his  people  with  rockets,  to 
*'  disturb  the  camps  during  the  night."  In  almost  every 
chapter  we  may  observe  the  military  rockets  are  named,  as 
well  as  rocket-boys,  or  those  people,  who  had  the  chief 
management  of  this  department.  We  are  frequently  rc« 
minded  by  the  Major  of  the  greut  clumsiness  of  their  wea- 
pons, the  bad  discipline,  the  ill  directed  fire,  and  other 
analogous  instances  of  the  rude  state  of  these  natives,  which 
show  bow  far  they  are  behind  us  in  military  science ;  we 
must,  notwithstanding  all  this,  acknowledge,  that  in  the 
nse  of  rockets  as  **  implements  of  warfare"  they  have  a 
prior  claim  to  any  man  in  this  cpuntry. 
Striking  in-  But  I  do  not  rest  upon  this  single  authority,  although 

»unceof  this,  ^^j^  j^  dated  full  nineteen  years  ago  ;  for,  in  the  3d  vol.  of 
the  '*  Asiatic  Researches,"  there  is  the  following  paragraph, 
in  an  account  of  the  buttle  of  Paetiiput,  ou  the  7th  of 
January,  17GI— "  As  the  Roljillas  had  a  great  number  of 
*'  rockets,  they  fired  vollies  of  two  thousand  at  a  time^ 
*«  which  not  only  terrified  the  horses  by  their  dreadful  noise, 
*<  but  did  so  much  execution  alsOf  that  the  enemy  (the  Mah- 
*•  rattas)  could  not  advance  to  the  charge." 

Hence,  we  must  observe,  the  rockets  were  not  appropriated 
to  purposes  of  mere  amusement  and  show,  but  positively 
as  implements  of  icarfarej  more  than  Jfjty  years  back  from 
the  present  day;  for  we  oiit^ht  not  to  suppose,. tl|at  these 
instruments  w^re  all  invented  and  constructed  on  the  very 
day  of  the  battle  uf  Paniput. 

Having  thus  gut  lid  of  one  object,  [  shall  now  take  leave 
to  resist  another;  which,  as  it  hinges  upon  the  last  inference, 
certuinlv  stands  upon  no  better  fouudutiou. 

In 


I 
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«  noil,  that  it  ulioiild  not  be  «ntirHy  lost,  tve  are  in- 
lormvfl  that  "The  inretithn"  of  ihi:  military  rocket  n 
"  exctiHivcly  due  to  ont^  gi-nlltuiAii  only." 

Afttr  wlial  has  been  mlvanctTl  on  Major  Diroin'*  au-i 
tlinrlty,  and  the  cases  ijimicd  from  the  "  Asiatic  Re- 
»enr(;hen,"  it  wonld  he  superflomis  t«  combat  thi»  grusping 
lUiertittii.  Thertr  is  u  mort  obvious  distinctioti  bclwcen  an 
irtrt'dtor  1111(1  nn  improeer;  for  improvefueiit  deptnd^  upuu 
oihem.  Hi  ^eW  aa  on  the  [rrnitts  mid  abilities  of  him  xbo  nrn 
dpftahes  the  manajjemeut  of  the  article  (o  be  improved.  No 
mat!  Moul.I  say,  that  Mr.  James  Watt  of  Glasgnw  inetnttd 
the  tfteMiii  eii^irte,  Hiid  leave  the  Marquis  of  Woreealer'* 
"  C**tiiiy  uf  Inrenlions,"  the  names «fS»»ery,  Newcomeni 
Crawley,  and  olheTH  out  of  the  questioit.  Nor,  at  the  aaina 
moment,  Moutd  any  one  wiiho!d,from  the  worthy  Mr.  Wats 
all  the  admiration  oud  gratitude  sojustly  due  to  this  incam- 
parable  mcthanic,  this  wonderful,  this  toweriu;  geniust 
whose  name  in  that  particular  branch  chu  uevar  be  forgot- 
teu.  Kpon  this  part  of  my  subject  1,  therefore,  ibtdl  i 
offer  the  fulloivinpr  as  the  luo^t  legitimate  inference;  that ' 
thvre  is  no  Kueli  perion  now  living,  as  the  invaUar  vf  mtli- 
tary  rockcit. 

Th«  outlines  of  my  cUim  to  ■<  ceriain  iJeiUkm",  an  i 
•hich  so  miidi  of  (he  construction,  perfection,  and  <'/fi- ' 
eifey  of  modern  rockets  de[>end,  itrenlr«'ady  before  the  fiub- 
lie*;  and  I  have  never  retracted  a  single  ayllaiile  of  iluit 
appeal.  The  htad  or  eareate  of  the  pyroleclinic-arrau, 
however  my  original  den-i^n  mny  have  been  tortured  aiid 
garbled,  was  proposed  by  inystlf ;  and  it  is  of  litllu  eon- 
•equenre  to  me,  which  end  of  the  iniilrument  is  preferred 
to  begin  the  runibustion,  ■■  loi.j  as  ihe  etti;ct  Pventually 
■ncceeds. 

That  many  »ery  important  iinprovempnls  hji»e  succrcHed  i 
iince  Ocl.  34,  ISUd,  [  iioi  perfectly  disponed  to  allow ;  lam' 
not  inclined  to  arm^ute  to  tuyself  the  title  of  nn  inetulvf 
of  military  rockols,  nor  can  I  allow  it,  as  I  have  said,  to 
any  other  person  wliatever,  Cin'um->laiititd  evidence  i« 
ofMn  of  the  utmost  vjlui*,  and,  when  coiiipleie,  is  iteneralty 
amply  condii<iive — in  my  ease  this  si'mes  of  proof  is  uut 
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*•■ 

deficieut 

^  •»  MILITAET  meCILETS, 

A  iliort  .  deficienU  There  were  no  iron  rockets  io  use  when  I  btd 
ttatemffUof  |^^  honour  of  being  exaroiued  by  Generals Congreve,  Uoydf 
Dmminond  (since  dead,  I  believe,)  and  others,  who  formed 
that  Committee  of  Colonels  and  Field-officers  of  the  Royal 
Artillery.  As  the  sketches  and  drawings,  which  I  took 
with  aie  to  assist  in  description,  were  some  years  in  the 
Royal  Arsenal,  it  is  no  unreasonable  question  to  ask,  why 
my  papers  were  not  instantly  sealed  up,  and,  if  not  returned, 
to  me,  carefully  preserved  from  the  inspection  of  those,  who 
had  no  offieiml  concern  with  them.  That  these  papers  were 
nal  so  preserved,  there  is  no  difficulty  in  proving ;  and  1  am 
compelled  to  say  in  the  mildest  terms,  that  the  whole  trans- 
actiou  bears  the  appearance  of  gross  partiality  and  injustice 
agaittst-myself,  as  an  humble  individual,  who  stipulated  for 
neither  fiivour  nor  reward.  I  beg,  once  for  all,  to  declare,, 
that,  of  the  gentlemen  who  composed  the  committee,  speek* 
kig  of  them  Miniduaiijf^  i  have  no  certain  reason  to  com- 
plain ;  at  the  same  time,  I  must  consider  the  whole  question 
•pen  on  all  points  for  discussion,  if  it  should  ever  be  necea* 
^ry, 

1  am  perfectly  aware  of  a  **  Reply*'*  to  one  of  my  letters ; 

to  this  however  I  shall  never  make  any  specific  rejoinder,  till 

>  the  name  of  its  anthor  is  acknowledged  by  the  editor  of  that 

,  newspaper;  when  1  shall  most  willingly  attend  to  all  that 

this  reply  contains,  as  well  as  to  many  important  circum* 

stances,  which  for  plain  reasons  its  author  has  concealed. 

Lest  I  be  charged  with  asserting  any  of  the  above  parti- 
culars, I  shall  close  this  subject  by  transcribing  the  last 
letter  I  received  from  the  Board  of  Ordnance ;  and  this  is 
given  to  you  rather  as  a  voucher,  that  [  have  had  some  con- 
fiexioa  with  that  department,  than  as  a  proof  of  the  validity 
•f  my  claim.  This  letter  was  in  answer  to  my  last  request,^ 
**  to  have  the  papers  and  sketches  returned  with  an  official 
signature  annexed.'*  I  should  observe,  however,  that,  when 
I  first  applied  for  them,  the  answer  contained  these  words^ 
on  which  I  shall  now  make  no  comment. — **  I  am  to  ob- 
^rve,  that  I  cannot  discover  those  papers  were  ever  re- 
ceived in  my  office".  The  following  is  a  copy  of  the  last 
letter,  to  which  I  have  above  alluded. 

*  Timcf,.  October,  IG. 

^  SIR, 


•M   POTAHIUli   AKi^  tODIUli^  Qf 

Office  of  Ordmmagi 
«  SIR,  Oei.  22,  1806. 

**  In  compliance  with  the  request,  contained  in  your  let* 
**  ter  of  the  14th  iosUnt,  I  herewith  transmit  the  Sketcfaea    , 
**  and  Descriptions  of  your  projectilesi  which  were  submitted 
<<  to  a  Committee  of  Colonels  and  Field-K>ficers  of  Artilleiy, 
«'  in  October,  1803/' 

(Signed)        R.  H.  CaBW« 

Trusting  I  shall  not  be  teased  with  any  more  anonymoiu 
obbervations  on  this  or  any  other  attempt  to  vindicate  my 
elain,  I  shall,  for  the  present  at  leasts  quit  tUs  subject. 

I  remain.  Sir, 
Your  obliged  and  obedient  servant. 
Ijmg  Acre,  JOS.  HUME. 

December  ]7>  1810. 


X. 


Remarks  an  the  Naiure  of  the  new  Meials,  Potassium  and 
Sodium^  in  Answer  to  Mr.  Dalton.  In  a  Letter  from  9 
Correspqndent. 


Ti 


To  Mr.  NICHOLSON. 
SIR, 


HE  great  ingenuity  displayed  in   Mr.  Da1ton*s  new  i^^  d^k^., 
System  of  Chemistry,  of  which  the  second  part  has  just  theory  of  chs- 
appeared,  must  strike  every  one  who  reads  it;  and  should  '^^^^^ 
his  ideas  prove  hereafter  to  be  really  consistent  with   fact, 
the  science  will  indeed  have  attained  a  **  happy  simplicity*'. 
It  is  not  my  intention  to  enter  into  a  discussion  of  the  ge- 
neral  merits  of  Mr.  Da1toii*s  Theory,   but  I  wibh  to  call 
your  attention,  and,  throagh  the  medium  of  your  valuable 
Journal,  that  of  the  chemical  world  at  large,  to  that  part 
of  the  work  alluded  to,  which  treats  of  the  nature  of  the 
bodies  obtainid  from  the  fixed  alkalis. 

F  2  Mr, 
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Hn reasons  for  Mr.  DaTtbn  prefers  the  idea  of  potassium  bein^  a  com- 
cofMidering  pound,  rather  than  a  simple  substance,  because,  when  potash^ 
compound,  wtiich  has  been  previoudy  ftwed  (in  which  case,  he  says  ^t 
consists  of  1  atom  of  water  and  I  of  potash]  is  submitted  to  the 
octibn  of  the  Gat\'anic  battery,  it  gives  out  no  hidrog^en :  the 
eflfect  of  the  electrtciiy  is  to  evolve  oxigen  at  the  positive  pole, 
and  this  arises  froip  the  water  of  the  hydrate— but  the  hi- 
dr9{;eii  fj«nved  of  ooorsQ  from  the  same  source)  draws 
with  it  an  atom  of  potash  to  the  negative  pole,  and  they 
togetl^er  constitute  the  comfiound  atooi  potassitiin,,  consist-* 
iu^  of  p<>tasb  43  +  hidrogen  1  rz  43,  and  the  r«fsidna^ 
potash  U  unaltered.  In  the  French  method,  by  the  gvn* 
barrel  ex|)erimeut,  a  quantity  of  hidrogen  is  evolved,  and 
the  resahs  are,  potassiom,  oxidated  iron,  and  part  of  the 
pdtinb  emplo^'ed.  In  this  case,  Mr.  Daitonsappoaea  (a1« 
lowing  however  that  the  constitution  Qf.|iotassiiim  here  it 
not  so  obvious  as  when  pro<Iuccd  by  ekctiicity)  that  the 
hydrate  i&  decomposed  partly,  into  potash  and  water,  and 
partly  into  potassium  and  oxigen. 

In  regard  to  the  6rst  conclusion,  that  no  hidrogen  is 
evolved,  when  fused  potaeib  is  made  the  subject  of  experi- 
ment with  the  Voltaic  battery,  where  is  the  certainfif  of 
tbe  fact?  At  the  high  temperature  requisite  for  the  fusion 
of  the  potash,  the  potassium  burns  as  soon  as  it  is  produced, 
«i>d  why  not  the  hidrogen  too?  Atmospheric  air  is  pre- 
sent, and  we  might  uhuost  as  weU  iufei*,  that  no  potassium 
is  formed,  as  no  hidrogen;  if  the  proof  is  to  rest  on  our 
inability,  under  these  circumstances,  of  preberving'  it.  W^ 
may,  to  be  sure,  catch,  though  with  difiiculty,  a  momentary 
gHmpse  of  the  one,  which  the  nature  of  the  other  forbids. 
Could  the  decomposition  of  potash  iu  fusion*  be  conducted 
in  close  vessels,  so  as  tu  collect  the  ga^^^ous  products  (and  p<fr» 
baps  it  might  be  done*),  the  probability  is,  that /liVro^en  woufd' 
be  collected  ut  the  negative  poL- ;  and  if  so,  all  question  as  to 
the  compound  nature  of  pota>sium    (at  least  as  to  its  being 

*  The  author  Viere  a|>|>ears  to  have  fulleii  imu  a  mutakd*  Mr.  Dalr 
ton  is  nut  speaking  of  tho  deconipo-iition  uf  potash  while  iu  a  sui€  of 
fusion  ;  but  of  potash  ih%*  has  been  previously  fuic*d^  for  iht;  purpose  oi 
cypelling  fiom  it  water.    C 

formed 
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formed  by  th«  uuioa  of  potush   aud  hidrogen)  woold  be 
done  awuy  with  at  once. 

With  respect  to  Mr.  Dnlton'jj  second  idea,  that  the  hi-  Remarks  on 
drate  of  potash  in  the  gituburrel  experini<;nt  seems  to  b«  "^•^condaiw 
decomposed  partly  into  potiuih  and  waier^  aud  partly  iqt» 
pottQSbium  and  oxi^vi) :  what  is  the  power  or  affinity^ 
which  produces  iWis  mixed  decmo position?  Mr.  Dditonbiia 
told  U8,  \^  470  und  47 If  that  nt  a  red  heat  potash  reoiaiii*. 
in  tranquil  fusion — *'  but  if  the  heat  he  increased,  vrbite 
**  fumes  begin  to  arise  c>)];ion8lv.     The  aikmli  and  water 

both  fvnpomte  in  thix  case — ther<^orc  the  process  cannot 

be  uikcd  to  expel  the  last  portion  of  water  from  the  al« 
**  kali." — It  is  not  therefore  according  to  hinasalf  the  /«m* 
perature  of  the  **  intensely  heated  iron  tnUV*  nor  its  con«. 
tcnls,  tliat  separate  the  il^a/er  from  the  |)otash«  We  arv 
speaking  of  tlie  water  of  coarse  in  its  niulecomponnded 
state* — Mr.  Dalton's  words  are,  (as  stated  above)  **  into, 
potash, and  water*'. 

Mr.  Daltoo  calls  the  potash  used  by  (hr  French  Chemists 

in  the  foregoing  method  of  decompobition,  X\\q  first  hydrate^ 

meaning,  I  suppose,  that  which  consists  of  1  particle  6f  water  ^  ^ 

4-  1  of  potash,  or,  m  plain  English^  potash  containing  I6  per 

cent  of  water,  which  is  exactly  the  potash  obtained  by  heat» 

ing  any  other  hydrate,  containing  more  water,  to  redness^i. 

and  whichctmnot,  according  to  himself,  be  farther  deprived 

of  its  water  by  heat.     What  then,  1  ask  again,  is  the  power,  ^ 

that  produces  this   separation  of  water  and  potash  ?     Irofi 

heated  to  whiteness  will  decompose  water,  we    know  very 

well,  but  not  tl^t   it  will  separate  it,  umleromposirdt  from 

^otosh.     But  how  does  Mr.  Davy  t^xplain  the  fact?     Ac-Mr,Davy»<    - 

cording  to  bim,   the  allinity   of   iron  for  oxigen,    and  of  *\^l***"**'^  ^^ 

*'  .  .  .        •  I  *^®  ^^  case, 

iron  for  potassium,  renders  it  capable  of  taking  the  oxigen 

both  from  the  potash,  and  the  water  it  coDt;<ius;  aiiti  in 

this  it  is  assihted  by  the  affinity  of  hidrogen  for  potassium, 

which  at  a  high  temperutun*  is  capable  of  dissolving   it   in 

large  quantities,    but  deposits  it  again  on   cooling.     Thus 

in    few   words,  is  Mr.  Davy's  explanation  of   tiie  decom* 

ixisition   of   potash    by   the   gunbarrel.      'ilie   reader   may 

lind  it  more  amply  detailed  in  a  note  of  that  Gentleman  to 

his  Bakerian  Lecture,  in  tiie  Pbilosopbicai  Tiaubactiotis  for 

I8O9, 
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i809»  p*  57**  Perhaps  after  having  carefally  perused 
that  note,  ia  which  the  following  sentence  occurs.—***  So- 
M  dinm  appears  to  be  almost  imolnhle  tit  hidrogen^  and 
*'  this  seems  to  be  one  reason,  why  it  cannot  be  obtained t 
**  except  in  very  minate  quantities,  in  the  experiment  with 
'*  thegoubarrel.**— The  reader  may  be  rather  surprised  on 
tomiDg  to  |p.  503  of  Mr.  Dalton's  new  system,  to  find  the 
.  following^— "  Though  Mr.  Davy*s  original  method  of  ob- 
taining sodium  by  Voltaic  electricity  is  the  most  instruc- 
tive* as  to  the  nature  of  the  new  product,  yet  that  of 
Qay-Lussae  and  Thenard  is  the  roost  convenient ^  when  a 
'*  quantity  of  the  article  is  required.  That  is^  to  pasi  the 
««  fapour  of  redhot  hydrate  of  $oda  over  iron  ttimingSy  m  a 
^*  gnnbarrel  heated  to  whiteness*^ — Mr.  Dal  ton  thus  recom« 
mends  a  process  for  procuring  sodium  by  whofesale,  which 
Mr.  Davy  informs  us  will  afford  it  only  in  very  minnte 
<|uantities.  AVhich  of  the  two  is  to  be  taken  as  authority 
in  this  case? 
Another  To  follow  Mr.  Dalton  a  little  farther  in  his  arguments 

mrfumentof    f^  ^|,^  compound  nature  of  potassium,   he  say»,  "  The 

Mr.  Dalton  ,     .  _/  *.      i       -«i     .  ,    •••  , 

from  the  light-"  levity  of  st,  commned   with  its  volutility  fit  a  low  red 

fiemofpotas-  <«  heat,  agrees  with  the  notion   of   its  being  potash   and 
'  **  hidrogen,  or  pqtassetted  hidrogen,  resembling  the  other 

*^  known  compounds,  of  splphur,  phosphorus,  charcoal, 
rnlrmdj  sn«  <*  arsenic,  &c.  combined  with  hidrogen.**  A#  to  its  low 
P^*"^  ^5^  ^'*  specific  gravity  being  a  prpof  in  favour  of  Mr.  Dalton*s  - 
idea,  it  is  answered  by  Mr.  Payy  in  his  paper  "  on  the 
decomposition  and  composition  of  the  fixed  alkalis,^*  p.  31 
pf  the  Philosophical  Transactions  for  ISOSf,  in  which 
(having  stated  that  it  was  the  opinion  of  most  of  the  philor 
sophical  gentlemen,  whom  he  hud  cqnsulted,  that  the  new 
substances  should  be  called  metals)  he  observes,  that  their 
levity  is  not  sufficient  reason  for  muking  theip  a  new  class, 
for  there  are  remarkable  differences  in  their  res()ective  spe- 
cific gravities  among  the  metals,  as  for  instance,  between 
platina  jnd  tellurium,  the  former  being  nearly  four  times 
heavier  than  the  lattvr, — "  and  in  the  philof^ophical  division 
**  of  the  classes  of  bodies,  the  analogy  between  the  greater 

•  Journal,  Tol.  XXIII,  p  256.  f  Ibid,  toI  XX,  p.  521. 

*'  numbev 
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*  nninber  or  projierties  mu!i  ulnays  be  the  foundation  af 
*■  ■rninBfuienU"  Now  I  think  Mr.  Dulion  will  not  deny 
this  |ioailioii ;  I  would  iherd'cirt?  u^k  hitn,  mbether  llie  num- 
ber of  aiiiilogoui  properlivK  is  )i>reatest  bt^wecii  {lolamum 
and  Eodium,  and  the  guxEous  compounds  of  hidrog«ii, 
which  he  has  eiinrnerutcd,  or  between  the  new  and  the 
rommon  mi-tals.  It'  the  tirw  mctula  be  hydrureta,  it  follona, 
I  think  intli«[)utably,  that  the  common  metoU  mnit  be 
hydriireta;  aUo  and  for  that  mutter,  the  reasoning  derived 
from  their  speciGc  gravities  mnkei  as  moL-h  against  as  for 
the  argument,  or  ruther  it  is  decidedly  adverse  to  it. 

I  have  already  exceeded  tht;  limits,  to  nhich  1  intended  Mi.  Di)tan'> 
lo  have  confined  my  remarks  on  this  part  of  Mr.  Dalion's  '^™"|,\]^[°,In  tj 
new  system ;  I  ahnll  therefore  but  briefly  notice  his  observa-  jiotnaiuni  m 
lions  on  the  comhuGtion  of  poiaBsium  in  muriatic  acid.     It  "»"'""=  ■''*■ 
is  Fpry  singular,  as  he  soys,  thai  the  French  chemists,  and 
Mr.  Uavy,  should  have  adopted   the  same  explanation  to 
neebunt  for  the  hidro^en  produced,  (heir  views  of  the  na- 
ture of  potassium  beint;  so  difTereiil.     That,  at  the  lime  he 
made  the  experiment,  Mr.  Uuvy  should  have  concluded, 
that  water  contained  in  tlie  gas  was  the  source  of  the  hidro- 
gen,  was  perfectly  natural ;  but,  if  Mr.  Dalton  be  correct, 
water  caunot  exist,  either  in  this  gas,  or  in  fluoric  acid  gas, 
[vide  new  System,  paf^e  -262)  and  consequently  Mr,  Davy's 
conclusion  must  have  been  wrong;  but  Mr.   Dalton 's,  and 
that  of  Gay-Luisac  and  Thenard,  that  it  came  rrom  the 
pulBssium,  are  not  more  correct,    for  the  late  admirable 
"  ReseareheK  on  the  oximoriatic  acid"  &c.,  us  detailed  in 
Mr.    Davy's  lust   paper,  Pliil.  Tivns.    1810,   page  331  *,  Mi  DiT^'ini- 
prove,  that  the  true  origin  of  the  hidrogeii  was  from  the  P""*^""**^ 
muriatic  acid  it'ell,  independent  of  water.     This  acid  be- 
in;;  eom|>osed  of  the  peculiar  simple  body,  oximnrmtic  ucid 
{1   must  call  it  by  its  old  Improper  name,  for  waot  of  a 
better),  with  a  base  of  hidro^n  ;  by  the  combustion  of  pot- 
aisinm  in  which  a  compound  of  oximuiiutic  ucid  and  pot- 
usium  is  formed,  and  the  ba>e  evolved. 

Mr.  Diilton,  in  hl^  appendix,  mentions  Mr.  Oa*y*s  paper  The  exiLti^ 


just  alluded  to,  but  still  retaint 

'  Joumjl,  »ol,  XXVll,  p  ; 


■a,  ihui  the  hidro-  """)' 


^  on  VOTASftlUH  AKP  lowtm. 

♦®^®  *  fhT     **"  ^^^^^  fr<>w  the  decomposilioi)  of  thts  poUMium.    I 
dro^en  and  an  QW)Dpt  but  think  the  facts  prove  abfolutely  the  contraryy 
acidifying  sub-  ^^^  that  they  are  siipporied  by  the  experiiuent  of  the. com-* 
bv^tioQ  of  equal   parts  of  oximuriatic  acid   aud  hidrpgen 
gas^eSf  which  £;ave  !uariatic  acid  for  the  result ;  the  acco* 
racy  of  which  I  can  have  no  doubt  of,  although  Mr*  DaUon 
seema  to  hint«  that  implicit  reliance  on  that  head  is  not  to 
bo  placed  on  it»     Mr*  Davy  says  it  was  attended  with  a 
condensation  of  Vv  or  ^r  <>f  the  volume,  and  the  deposition 
of  a  alight  vapour  ensued,  which  was  always  in  smallest 
quantity  when  the  gaspes  were  driest.    Mr*  Dulton  says» 
.  that  he  should  have  e^-pected  the   cQuden»ation  to  have 
l^mpunted  to  ^  or  |  on  the  common  hypothesis;  by  which 
}Sunderstand|  .that  he  still  coubiders  oximuriatic  gas  as  a 
-  compound  of  muriatic  acid  and  oxigco.    Now  viewing  it  ia 

|his  light*  oximuriatic  acid  consists,  according  to  Chencvtx, 
pf  77*3  muriatic  acid  4-  ^2*5  oxigen  by  weight.  Ia  the 
'Combustion  therefore  of  100  measures  of  this  gas,  with  an 
equal  quantity  of  hidrogen,  the  oxi^(?n  (reckoning  its  spe« 
citic  gravity  as  1-1^5)  atmospheric  uir  being  1*000)  would 
take  50*48  measures  of  hidrogen,  and  a  condensation  of 
Q0*72  would  ensue,  nearly  hulf  the  whole  quantity,  and 
vapour  in  considerable  abundance  would  be  the  coose-* 
iquence;  but  the  blight  portion  mentioned  by  Mr.  Davy 
resulted  from  another  caube,  as  proved  by  its  quantity  dirai* 
nishing,  in  proportion  to  the  dryness  and  purity  of  the 
ga^iieb  employed.  Tins  immense  difference  lietweeu  the 
condensation  that  does  actually  take  place,  and  what  ought 
to  occur,  according  to  the  common  hypothcjjis,  is,  1  think, 
an  incoutrovertihie  argument  in  favour  of  Mr.  Davy's  con- 
clusion, that  muriatic  acid  is  composed  of  a  l^nst  of  hidro- 
gen united  to  a  peculiar  body,  a  snbstanre  sui  generis^  iu^o 
which  not  a  particle  of  oxigen  enters,  however  similar  the 
phenomena  attending  its  union  with  many  bodies  may  be 
to  those  produced  by  the  combn^tion  of  inflammable  sub- 
stances in  oxigen  gas;  since,  as  Mr,  Davy  justly  remarks, 
the  evolution  of  light  and  heat  are  only  to  be  regarded  as 
evidences  of  intense  combination.  With  respect  to  the 
oxigen  of  the  hyperoxi muriate  of  potash,  as  it  is  called,  the 
i^ea  that  it  is  furnished  by^the  alkali  seems  to  me  to  be 

the 
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the  tru«^  one,  wVich  in  this  case  is  in  the  state  of  perosi<)e; 
but,  in  till  coinroon  form  (potash)  it  is  only  a  protoxide. 

*•  PotissiHrn  burns  in  fluoric  acid  gas,  and  the  result  is  Fluorto'acld  ^ 
**  i) ujite  of  ^>otash  and  some  hidrogen.  The  theorj-  of  thisianot  S^'compound! 
**  obvious.**  According  to  Mr.  Dulton*s  views  it  is  not ;  but 
is  it  too  bold  a  conjecture  to  ima<;^ine,  that  something  simi-- 
lar  to  what  takes  place,  when  pota^siurp  is  burnt  in  muri^ 
atic  acid  gas,  occurs  here  also?  and  that  hidrogen  is  pro* 
bably  the  base  of  fluoric  acid  gas,  united  perhaps  to  some. 
«is  yet  unknown  body,  of  the  same  class  aspximuriatic  gas? 

As  the  siDiilarity   between  the  properties  of  potassinni  The  same mr- 
and  sodium  is  so  great,  [  omit  saying  any  thing  on  the  lat-  f^  s'l'^",!^,^ Jj^JJ 
ter,  more  than  the  remark  already  made,  respecting  the  potassiuoi. 
diflerence  in  the  results  with  potash  and  soda  in  the  gun* 
barrel  experiment.   The  arguments  for  the  nndecomponnd* 
ed  nature  of  potassium  are  equally .  applicable  to  that  of 
&odium. 

From  a  candid  review  of  all  the  facts,  I  think  it  must  be  Mr  Da1ton*s 

allowed,  that  Mr.  Daltou  does  not  make  out  his  case;  and  ?''!!?!fl!!  !Jl«. 

^  '  specting  tnem 

tlrnt  potassium  and  sodium  ronsequently  stand  in  the  class,  therefore  not 

where  their  illustrious  discoverer  has  placed  them.     It  will  P"^^^ 

be  observed,  that  almost  a>l  the  arguments,  which  1  have 

brought  forward  in  opfiosition  to   Mr.  Dalton's  idea  of  the 

com(>ouHd  imture  of  the  new  metals,  are  derived  from  Mr» 

Davy*s  papers:  and  it  is  not  small  praise,  that  he  has  sent 

hiK  labours  so  perfect  into  the  world   (new  and  difficult  as 

they  huve  l>een),  that  his  own  conclusions,  founded  on  and 

supported  by   his  own  experiments,  form  the  ablest  and 

most  perfect  defence  a,:^ainst  all  the  attempts,  that  have 

been  made  to  overthrow  them. 

JL'STUS. 


XI. 

Obserrntions  on  the  Diminution  of  Dilatahlhty  of  Spiml  of 
Wine  Thermometers;  by  Honor£  FLAUGEtiGUES*. 


H^ 


.ALLEY  and  Muschembroeck  have  asserted,  that  spi*  Spirit  tbermo- 
|ri^  of  wine  employed  for  thermometers  in  course  of  time  *"*^''^''' ***"** 

*  ^9arBa}  df  Phyiique,  yol.  tX.Vl,  p.f9a. 

loses 


^4  stmiruTioif  or  oilatabi&itt  im  spiAit  raBBiiosiBTBnu 

aWh  itt  dttaift.  loeet  part  of  its  diliitability.     Nollet  and  BriMon  maiiitaiD 

^^7*  the  coutrary,  on  the  experience,  as  they  say,  of  more  thwi 

thirty  years.     The  two  followintr  fuctai  however  confirm  the 

opinions  of  Halley  and  Muscheiubroeck. 

TK*t  tlinwfi  ia      T  have  a  spirit  of  wine  tlierruOmetcr,  made  in  1734  hj 

J?*  "*****  ^    Mr.  Nollet,  on  the  pritici|j|e8  and  under  the  inspection  of 

Reanmnr.     From  fear,  no  doubt,  that  tlie  wire  marking 

the  fret-zing  point  mi«(ht  be  displaced,  Mr.  Nollet  wrote 

with  his  own  hand  on  a  paper  pasted  on  the  innde  of  tbe 

lid  of  the  cane  of  the  thermometer  the  following  note: 

**  The  upper  eitremity  of  the  stem  of  the  thermometer 

•<  ought  to  1>e  at  94^:**  and  at  this  point  he  has  made  a 

groove,     ricnro  it  was  easy  for  me  to  place  it  exactly  in 

the  same  situation,  as  when  it  came  out  of  the  hands  of 

that  able  philosopher.     When   I  was  thoroughly  certain  of 

this,  I  phireil  the  thermometer  in  a  vessel  full  of  poonded 

ice,  just  melting;;  and  in  this  state  I  kept  it  three  days, 

adding  fresh  ice,  when  the  former  was  half  melted,  and 

draining  off  the  water.     The  lit]  nor  in  the  thermometer  set* 

tied  a  degree  and  a  quarter  below  nought,  and  remained 

stationary  at  this  p<iint  dnring  the  whole  time  it  remained 

^  in  the  ice.  This  experiment  was  made  on  the  7th  of  March, 

1807,  and  the  two  following  days. 

«ni  anether  by      I  have  another  spirit  thermometer  made  before  175B,  ac- 

Rosftiaa*.         cording  to  Ueanmur^s  principles,  by  Mr,  Romieu,  a  learned 

natural  philosopher  of  the  Royal  Society  of  Sciences  at 

Montpellier,    whose  accuracy  is  generally   known.      This 

thermometer  is  enclosed  and  fixtd  in  a  large  glass  tube  her* 

metically  sealed,  so  that  it  cannot  have  been  deranged.     1 

placed  this  at  the  same  time  in  a  vessel  of  melting  pounded 

ice,  with  which  it  was  completely  surrounded;   and  during 

the  three  days  that  this  experiment  continued,  the  spirit  of 

wiuc  eontiuued  stationary  at  two  degrees  and  a  quarter  below 

nought. 

InteniM  to  be      I  preserve  these  thermometers,  though  grown  very  defec- 

to^'^"i^i*  **^*'  '"  ^'^^^  *®  *^^  whether  their  dilatability  will  diminish 
still  farther.  In  the  mean  time  these  observations  appear 
to  me  sufHcient,  to  induce  us  to  reject  the  u»e  of  spirit  of 
wine  thermometers ;  and  keep  to  those  of  mercury,  which 
do  not  oppaar  liable  tq  tbe  same  incoovenieDce. 

KEMARKS. 


ANAt.Y818  OF  AMPHtBOtfi^  ^j 

REMARKS. 

I 

.  Ill  u  subsequent  number  of  the  Jouroal  de  Physique  Mr*  Correctton  of 
Cotte  obtiervcs,  it  is  somewhat  Hurprisiof;^,  thai  the  newest  gtit<£ngnt 
therrooineter  sho^ild  have  lust  most:  and  he  reminds  Air* 
Flatt^erorueH,  that  in  1/34  de  Reaumur  and  NoUet  fixed  the 
freezuig  point  by  water  just  bey^iuning  to  freeze,  which  he 
adds,  according  to  Mr.  De  Luc's  experiments^  difters  0*8* 
from  that  of  melting  ice.  By  an  oversight  however  he  de^ 
ducts  these  O'S"*  from  l*25^»aud  thus  reduces  the  loss  of  the 
thermondeter  to  half  a  degree  at  most  in  73  years. 

Mr.  Flaugergues  in  reply  admits  the  adjustment  of  tfce  ]^^'^^  **'*^  • 
freezing  |)oiut ;  and  very  properly  subjoins,  that,  as  he  bad  firmiu 
placed  it  so  much  too  low,  the  thermometer  in  reality  did 
not  rise  so  high,  as  when  it  was  made,  by  1*^5*.+  O'S***  or' 
^'05^9  which  amounts  to  nearly  the  same  as  the  loss  of  Ro* 
mieu*s,  the  freezing  point  of  which  was  no  doubt  that  of 
melting  ice.  This  therefore  only  tends  to  strengthen  his  ob-       ' 
servation> ;  and  he  remarks,  that  two  thermometers  made  hy 
different  persons,  at  very  different  periods,  can  hardly  be 
expected  to  have  contained  spirit   of  precisely  the  same 
strength ;  which  accounts  for  one  having  lost  in  dilatability 
rather  more  than  the  other  in  about  three  fourths  of  the 
time. 

It  is  to  be  regretted,  thnl^  Mr.  Flaugergues  did  not  exa* 
mine  the  dilatability  of  the  spirit  in  higher  temperatures 
also.  Cf 


xir. 

Analysts  of  the  Amphihoh  of  Cape  de  GatteSy  in  the  Kwg^ 
dom  of  Grenada :   bt/  Mr.  Lauoi'er*. 

A  HIS  amphibole  is  found  among  the  volcanic  products  at  HornWenda 
Cape  de  Gattes.     Its  crystals  have  a  black   hue,  and  are  ^^  products 

*  'AnnmleM  dc  Cbimie,  vul.  LXVI,  p.  !):}.'>.     Abiidped  from  the  An* 
jialps  d^Mas^nm  d^^itt.  Nat.  by  Mr.  B«#uiUon-La|pwife. 

formed  ^ 


76  4^Ah.li5in  OF  AMPHIBOLE. 

t 

Af  Cape  He       formed  of  a  roiiltitiule  of  lamina*,  which  give  thciii  •  cfia- 
scrib«iU  toyant  appearanco.     Their  fracture  is  transverse,  aDcI  un- 

even* Spec.  gvuv.  d'^o.  They  »cialeh  glass;  and  strike 
Are  frith  «teel,  but  hot  tusity.  ^  'Iheir  primitive  form 
Mnd  integrant  particle  are  an  oblique  pri»m  terminated  by 
rii<mibi(.  Before  the  blowpi^M*  they  melt  into  a  black  glass. 
It  breaks  pretty  readily;  but  is  not  ea^y  to  reduce  to  pow- 
der, more  on  account  of  the  flexibility  of  its  laminae  than 
its  hardness.  The  course  powder  w  of  a  dull  green,  the 
very  fine  powder  of  a  greenish  gray. 

When  exposed  to  a  red  heat  it  loses  about  2  per  eent» 

and  retains  on  cooling  a  reddish  hue  from  the  oxide  of  iroo 

contained  in  it. 

CompariKMs  The  principal  object  of  Mr.    Lau<;icr  in  analysinn^  this 

beiwccn  It  and  gy),3t|||,^g  ^ng  ^^  compare  the  nature  and  proportions  of 

the  component  parts  of  amphibole  and  actinote,  between 
which  crystallography  tinds  a  perfect  resemblance.  Though 
the  results  do  not  exhibit  a  resemblance  so  complete;  Mr. 
Laugier  does  not  think  they  differ  so  sensibly,  but  some 
resemblance  may  be  found  between  the  two  stones.  If 
the  proportions  of  the  sul>stftnce  that  compose  them  be  not 
exactly  the  same,  at  least  we  tind  in  them  the  same,  priti* 
ciples*;  and  it  appears  no  less  e^tublished,  that  the  differ- 
encei*  found  in  them  are  not  any  of  thove  that  influence 
the  form  of  the  crystals.  The  abscnre  of  chrome  and  of 
ux\  atom  of  (Httash  in  the  atn]>hibolc;  the  presence  of  u 
larger  portion  of  nluniine,  and  a  double  ifiianllty  of  iron  in 
the  same  stone;  and  lastly,  some  other  difFereiices  in  the 
proportions  of  the  remiiininj^  princij)lfs;  do  not  essentially 
produce  any  very  remarkable  chanpje  in  the  crystallization, 
accovdin;^  to  the  observations  of  the  most  celebrated  mine- 
ralogistbf.  It  may  not  be  useless  to  observe,  that  the  dif- 
ference between  the  proportions  of  the  absolute  quantities 

•  Not  v^hoHy.    C. 

•f  That  U  to  nay,  whether  a  stone  contain  1 1  per  cent  of  oxi^fn  of 
froD,  or  above  twice  as  much ;  alHjnt  10  per  rcat  of  mngn«'sia,,  or 
aloiost  20 ;  Dear  S  per  cent  of  alumine,  or  not  i  per  real ;  3  per  crnl 
of  chrome,  or  not  a  single  atom  :  the  fdrin  of  its  cry>tnls  may  be  pie- 
gSaely  the  Mune,  aad  ibey  nuiy  exhibit  no  di^ereacv  tv  then  uioat  rx- 
^M-t  disBtctort|    ^*  « 
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of  the  principles  of  these  two  stones  is  much  less  consideN 
able,  than  that  which  exists  between  these  quantities  theni« 
wlves,  when  they  are  compared.  Thus  the  result  of  this 
comparative  analysis  appears  to  bring  actiiiote  and  am  phi- 
bole  so  near  together,  that  it  seems  necessary  to  include 
them  in  one  species,  as  modern  mineralogy  has  alreadj 
indicated. 

The  following  are  the  results  of  Mr.  Langier^s  analysis 
«f  amphibole,  compared  with  those  of  actinott*. 

Amphibole.  Actinote.  ' 

Silex 4'i        ......  50  ^'IlPi"?!!' 

pails  of  Cka 

Oxide  of  iron 22'69 •  11                   tw«« 

Magnesia 10-90 19-25 

Lime     ••••     9-80 975 

Alumine  .•••• 7*69 0*75 

Oxide  of  manganese   •  •  1*15   •  •  •  •^^  •  0*50 

Chrome    ......  3 

Potash' ,0-50 

Water  and  loss    ••••••  S'7S  ••••••  5'^5 
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SCIENTIFIC  NEWS. 
Ac^/  Society  of  Edihburgk, 


o 


N  Monday,  the  5th  of  November^  the  Bojal  Society 
of  Edinburgh  met  for  the  first  time  in  their  new  apartments 
ill  George  street,  when  Dr.  Thomas  Thooisua  read  two  po- 
p«rjs  giving  an  accoitnt  of  the  analyses  of  two  new  minerals  qJ^|]**^  "* 
inmk  GreenlaiKl.     To  one  of  the^e  he  haa^ven  the  name  of 
ayaniUi  end  to  the  other  that  uf  sodaliie.     In  the  first  he  di»-  . 
covered  a  conuderable  portion  of  cerium ;  and  in  one  aoaly-  g  new  m«tali£ 
sis  he  detected  a  quantity  of  a  metallic  oxide  perfectly  new  in  *^^^» 

*  These  niimberf  are  here  as  in  the  original ;  hut  the  num  t^tal 
woaM  amuunt  only  to  99  9^^  ^o  that  tbcrr  is  an  omLniwa  tuC  ^  (ki  soiue> 
wbciw.    C« 


2^   .  icicimpic  mtrt. 

ttt  properties,  for'which  he  proposed  the  name  of  juDoninn?* 
Am  oHmt  0^  The  other  mineral  according  to  his  investigation  afiPords  23 
^^^^  ^S^  p^  c^A^  o^  soda,  and  3  of  muriatic  add.     By  an  analym  of 
tdd.  Mr*  Ckeberg,  the  same  constituents  were  yielded  in  the  pro- 

portions of  i5  per  cent,  and  6  per  cent. 
WatenpoiiL        At  the  next  meeting,  on  the  19th,  a  short  communicatioD 
was  read  respecting  a  singular  waterspout,    observed  at 
Raougate. 

ftopectiesof  On  the  3d  of  December  a  paper  by  Dr.  Brewster  waa 
te  lefer.  i^ad,  being  a  new  demonstration  of  the  fundamental  proper- 
ties of  the  lever.  Also  a  communication  by  sir  George 
IHnaalogy  ft  Mackenzie,  bart«,  relative  to  the  hot  springs  of  Iceland, 
kelaiML  when  sir  George  exhibited  some  beautiful  drawings,  and 

part  of  a  series  of  magnificent  specimens,  from  that  country, 
which  he  proposies  to  deposit  in  the  cabinet  of  the  society; 
and  at  the  last  meeting,  on  the  17th,  sir  George  began  a 
description  of  the  minerals  of  Iceland,  when  he  exhibited 
specimens  from  the  district  called  the  Guldbrioge  SysseU 


MawAcricul-  Air.  Clennell,  of  Homerton,  whose  institution  of  a  Lite- 
SynlandCooH  rary  and  Philosophical  Society  at  Hackney  we  noticed  a  few 
^dal  M4ga-  naonths  ago,  will  commence  with  the  new  yeur  the  publica- 
tion of  a  **  New  Agricultural  and  Commercial  Magazine; 
or  general  Depository  of  Art,  Manufactures,  and  Com- 
merce.'* It  is  obvious,  that  the  subjects  included  under 
these  heads  form  the  basis  of  the  comforts,  enjoy  nieots,  and 
interests  of  individuals,  and  thence  of  society  at  large;  and, 
from  the  names  of  those  who  have  already  engaged  to  con- 
tribute to  the  undertaking,  much  useful  information  and  free 
and  candid  discussion  may  be  expected  in  it.  The  term  lo» 
cal  has  frequently  operated  as  a  bugbear,  to  prevent  the 
communication  of  much  valuable  knowledge:  but  all  our 
general  information  must  originate  from  particular  facts ; 
and  every  fact  is  from  its  nature,  in  one  sense  of  the  word, 
local ;  while  no  one  can  be  so  strictly  confined  in  it*>  bearings 
and  relations  to  this  town,  or  that  village,  as  to  l>c  incapable 
of  furnishing  useful  hints  or  cautions  to  numberless  others, 
if  not  to  every  one.     Of  this  th^  conductor  is  fully  aware, 

and 
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«tid  accordingly  solid U  accurate  and  faitliful  ioforination  on 
all  th«  subjects  connected  with  his  [ilan  from  every  quar- 


ter. 


Wemer^s  Theory  of  the  Formation  of  Veins,  with  its  Ap^Tnndistloii  af 
plication  to  the  Art  of  Working  Mines,  has  been  translated  v^ttT^^ 
from  the  German,  by  Dr.  Charles  Andenwn,  of  Edinbqrgh) 
member  of  the  Wernerian  Society,  &c.  It  is  accompanied 
with  notes  by  the  translator,  some  of  which  relate  to  mine 
districts  in  our  island  not  noticed  by  Werner^  It  is  unn«« 
ccssary  toaay  more  of  a  work  published  about  twenty  years 
ago,  than  that  it  exhibits  the  results  of  nearly  thirty  years  in- 
Testigation  by  a  man,  whose  experience  and  sagacity  as  a  mi- 
neralogist have  long  been  acknowledged. 


Dr.  Joseph  Reade,  of  Cork,  has  just  issuing  from  the  Trettitst  oa 
press  some  Critical  and  Practical  Observations  on  the  Dia-  «*»•«««  of  t^* 
eases  of  the  inner  Corner  of  the  human  Eye,  comprising  the 
epiphora,  tumour  of  the  lachrymal  sac,  and  fistula  lachry- 
malis,  with  a  new  arrangement  and  method  of  cure. 


Cg  Corresqpontientd. 


The  communications  from  Mrs.  Ibbetson,  Mr.  Dal  ton,  Mr. 
Murray,  and  Mr.  Bowditch,  were  too  late  for  the  present 
■aauth,  but  will  be  inserted  in  the  next  number. 
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ARTICLE  L 

Ipquirits  amceming  the  Significaiian  of  the  word  Partiekf 
as  used  by  modem  Chemical  Writers,  as  weil  as  concern^ 
ing  some  <Hher  Terms  and  Phrases.  By  Mr.  JoBN  Dal* 
TON.    in  a  Letter  from  the  Author. 

To  Mr.  NICHOLSON. 

Sir. 

An  perusmj;  the  modem  books,  which  are  edited  under  ]^e,ii*|Mof 

the  titles  of  Elements  or  Systems  of  Chemistry,  I  have  been  ch«nic»H«riw 

greatly  perplexed  in  endeavouring  to  understand  the  mean* 

ingt  which  the  authors  attach  to  certain  words  and  phrabes, 

which  are  of  perpetual  occurrence,  particularly  when  treats 

ing  of  ajftnify,  but  which  the  authors  no  where  define.     I 

allude  more  especially  to  the  word  particle. 

With  respect  to  the  article  affinity  itself  it  is  somewhat  Affinity, 
remarkable*  that  different  authors  should  view  it  in  such 
different  lights.  Lavoisier  in  his  Elements  of  Chemistry 
does  not  say  a  word  on  the  subject,  except  a  few  observa* 
tions  in  his  preface  tending  to  ^how  the  difficulties  of  it,  and 
its  unfitness  to  be  presented  to  a  novice  in  chemistry.     In 

Vol.  XXVllI.  No.  127— Feb.  1811.  G         upeak- 
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speaking  of  the  ^number  and  nature  of  elements,  be  says, 
*<  I  tthall  therefore  only  add  on  this  fubject,  that,  if  by  the 
term  tUmenU  we  mean  to  exprew  those  bireple  and  todivin* 
ble  atoms  of  which  matter  is  compocMrd,  it  is  extremely 
probable  we  know  nothing  at  all  about  them.'*  Chaptal 
employs  about  30  pages  on  affinity,  two  on  the  affinity  of 
aggregation,  and  the  rest  on  the  affinity  of  composition.  In 
the  third  edition  of  your  First  Principles  of  Chemistiy,  I 
observe  10  pages  on  affinity.  Berthollet  han  written  a  small 
▼olume  on  the  subject.  Fourcroy,  Thomson,  Murray,  and 
Henry,  have  all  ex|NiBded  their  views  on  this  subject  pretty 
extensively.  From  these  observations  it  should  beera,  that  the 
article  nffinity  in  systems  of  chemistry  has  been  of  gftnthg 
importance  since  the  time  of  Lavoisier^s  publication.  This 
may  certainly  be  right;  bnt  as  the  sUbjeA  is  acknowledged 
to  be  one  of  the* most  difficult  in  the  science,  it  is  highly 
necessary,  that  authors  should  treot  it  with  ull  the  perspi- 
cuity of  which  it  is  capable;  the  terms  used  should  be  clear 
and  well  defined;  metaphorical  expresttioiis  should  be 
armded ;  and  ambiguities  should  be  guarded  against  with 
all  possible  care* 

Chsptal.  Chaptal  has  been  very  sparing  in  the  use  of  the  term 

^  pafUicle  when  treating  of  affinity  (I  refer  to  your  translation, 

3d  ed.) ;  he  only  mentions  it  three  times,  twice  unqualified, 

and  once  along  with  the  epithet  elementary;  he  seems  to 

Integrant  part,  use  iutegrant  part^  where  others  would  use  particle,  and  he 
defines  it  thi)s:  **  two  drops  of  water,  %\hich  unite  together 
into  one,  form  an  aggregate,  of  which  each  drop  is  known 
by  the  name  of  an  integrant  part/* 

Nicbo1«on*k  On  the  subject  of  affinity   I  observe  you  use  the  term 

Fim  Priaci*  particles  frequently,  but  only  once  in  the  singular  number. 
No'definition  of  it  is  ever  given;  but  the  last  time  it  occurs 
is  in ^a  very  judicious  conchuling  r<#mark,  which  I  do  not 
remember  to  have  seen  in  any  subsequent  writer ;  namely, 
.  '*  It  seems  reasonable  to  infer,  that  two  compounded  parti- 
cles coming  together  by  attraction,  undisturbed  by  any' 
other  cause,  shonid  dispose  themselves  so  as  to  apply  such 
sides  of  each  together,  as  are  occupied  by  principles  the 
most  attractive  of  each  other,"  In  another  part  of  the 
chapter  you  observe,  that  "  the  minutest  parts,   into  which 

au 
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«n  aggregate  can  be  imagined  to  bf  divided  without  deconi- 
poMtioa,  ttrv  called  integrant  parts;  but  the  part*  into  which  Inte|nni  ml 
it  i*  divided  by  decomposition  are  called  compoDcnt  P«rtft^™1'°"' 
or  principles."  TheM  deGnilions  would  be  clear  and  intel- 
ligible lo  me,  if  the  words  I  have  put  in  italics  were  omit- 
ted • ;  the  seiisp  affixed  lo  iiilegrmit  parts  is  better  than  that 
of  Chaptal,  and  ij  the  same  aa  the  most  correct  modern 
writers  apply  to  integrant  parlic/et.  But,  after  thus  de- 
fining the  terms  integrant  parts,  I  do  not  find,  that  you 
hive  again  used  them  ibroughoul  the  chapter. 

From  the  high  encomiums,  which  several  modern  writers  Beithoneten 
paw  on  Berthollet's  researches  into  the  laws  of  chemical  \^,j  ' 
affinity,  1  was  induced  to  hope,  that  in  a  volume  written 
exclusively  upon  affinity  by  so  nble  a  handi  I  should  find 
the  terra  piir[i>/«  clearly  defined  in  the  fiHt  page.  1  look 
lip  the  English  translution,  and  read  37  pag«  without  once 
meeting  with  the  wurd  particle,  or  any  other  wool  of  siroi- 
l:iT  import.  I  was  beginning  to  think,  that  the  author  in- 
tended  to  ybolisliuhe  old  doctrine  of  bodies  coniisting  of 
extremely  small  parts  bound  together  by  a  principle  of  co- 
liCBion,  cr  ajfiuiiy  of  aggregntion,  and  to  establish  the  uni: 
that  bodies  consist  entirely  of  cohesion,  when  iu  the  open- 
ing of  the  5th  article  I  read,  "  the  cohesion  of  the  mole-  MvIkhIk. 
ru!»  of  a  hody  is  due  to  the  reciprocal  affinity  of  these 
molecula;:"  the  wurd  raoteculs  did  not  again  occur  in  the 
volume  to  my  cur>ory  observation.  In  the  same  page  I  met 
with  the  phrase  iniegmt  parts,  and  afterward  in  the  space 
of  ISO  pages  the  words  part  and  particle  were  obserred  ia 
about  a  doien  place*.  Whatever  oh<>curity  may  be  found 
in  Berthnllet's  researchei  then,  they  do  not  ariM  (nm  the 
freqnent  nse  of  the  term  pariide. 

•  1  do  nnl  know  Iios   Mr    DalXO  wouN  un^erttmnd  Ihe  puOfc,  If 
the  wmdj  in  iltlici  *cre  omifcd  ;  bul  thrj  i  pp«af  nccrs>irr,  (O  W|'iv»  . 

Ihe  imeaieaaiDg  wkh  pi«cuion,  Su|ii«m  >  Mugle  atum  of  uit|jhuiic 
acid  conbinn  wiih  ■  tingle  kms  «<  initicrKl  allcili  la  focia  ■  psftlele  vf 
■ulphau  oS  Mdn,  iihI  a  ttftui  19  ^  fornied  bf  ih*  a(grqpUa<>  of  *Kch 
panifin:  we  nnnot  icniatT]:  divide  1<  into  thcw  romponMit  psri>, 
ih<>ii|h  we  an  (micine  It  u)  A'ulAti.  Ttc  fitA  imagintd  maj  be  here 
iskin  u  (jnunimoH  wiih  ihe  woH  fcceiiWa^  Af  gronwtm,  xnf  t>u 
noneonurj  rcUiion  to  openilTC  w  tiumiD  ^stiuliljy    -ft. 

G  1  X>t- 


ftl  ON   TBE  SIOMlflCATIOV   OF  CUEMICAL  TERMS. 

Dr  aiiomsoa       pr.  Thomson^  in  a  iliort  eatay  oo  affinity  io  geoemh  usef 

•n  afinitjr.       ^j^^  ^^^  particle  frequeutly»  and  without  any  direct  defini- 

tioD ;  but  as  he  advances  his  idea  of  particle  is  gradually 

developed.  .  Indeed  he  is  almost  the  only  writer^  who  has 

ixiurag^  to  talk  of  a  particle ^  tto9  particles^  he.    Homoge* 

n^us  particles  are  those  of  the  same  body ;  heterogeneous 

particles  those  of  different  bodies;  thus  **  a  particle  of  iron  ^ 

and  a  particle  of  lead  are  heterogeneott**-.**     Again*  **  an 

integrant  particle  of  water  is  composed  of  particles  of  bi- 

drogen  and  oxigen  urged  towards  each  other,  and  kept  at 

•  an  insensible  distance,  by  heterogeneous  affinity;  aud  a 

mass  of  water  is  composed  of  an  indefinite  number  of  iute- 

grant  particles  of  that  fluid,  yrged  towards  each  other  by 

homogeneous  affinity."     He  suppo»ei»  the  particles  of  roat« 

ter  to  have  figure  and  magnitude,  aud  adds,  «  if  the  parti* 

c]ea  of  bodies  have  length,   breadtli,  and  thickness,   wc 

cannot  avoid  conceiving  them  as  composed  of  an  iudetermi* 

iiatc  number  of  still  more  minute  particles  or  atoms*     Now 

*  the  amnity  of  two  integrant  partictes  for  each  other  must 

be  t^e  sum  of  the  attractions  of  all  the  atoms  in  each  df 

these  particles  for  all  the  atoms  in  the  other,*'  ^c.     Here 

the  meaning  of  o,  particle  is  very  clearly  pointed  out.     Bo* 

dies^  such  as  iron,  are  constituted  of  particles  connected 

together  by  homogeneous  affinity ;  these  particle?  are  each 

of  therh  constituted  of  a  certain  unknown  number  of  sub«. 
ordinate  particles,  which  last  are  the  atoms  or  ultimate  par- 
ticles, into  which  t^e  body  is  cnpablv  of  being  resolved 
without  decomposition.  This  notion  is  clear  hs  far  a^  it 
goes  (I  mean  not  as  to  its  truth,  but  as  to  the  expresi^ionj ; 
it  wduld  seerp  however  to  require  something  to  be  said  about 
tii^  coh'eAon  6f  the  atoms  to  form  a  particle,  namtly,  whe- 
ther it  ib  the  same  or  different  froiYi  the  cohesion  of  the  par- 
tj^cles  to  form  #1  mas*^;  »«  other  words,  whether  the  force  of 
cj^icijouj  ^which  binds  together  the  atoms  or  first  order  of 
parik;l§s,a8  tha  sHtne  as  that  which  binds  the  second  order 
df  piffltal^s.  See  Thomson's  Chemistry,  3d  ed.  vol.  iii. 
\ln":  t'  Che-  "  MA  Murray  \ist»i  the  term  pariielrs  freqnently  ;  he  com- 
?::.-TTy.  rtieoiJes  his  work  wii)i  the  obbervation,  that  "  all  the  pheno- 

mejpa  of  chemistry  ^rjse  frpm  the  attractions  and  repulsion* 
eserted  btitween  the  pwrliclei^  of  raatirr;''  but  1   have  not 
.  •  bi'en 
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tieeD  so  rurtiinale  m  tu  mffl  with  liU  drtVinticn  of  llie  ud- 
qualiried  term  particle.  lie  liu*  Iiowcver  ^iven  tlip  btst 
definition ~1  iiave  jet  •eeu  of  iutrgTont  panicles.  "  Tiie  cal- 
eareous  sjKir,  lo  tuke  it  n-i  iiii  exiimpk-,  hiay  he  rediiLed  to 
H  panirle,  beyoiul  ivliiih  llt«  divi&iou  ruimot  be  carried  with- 
out resoliiiif*  it  into  il^i  clenitnl-i,  Iiiii«  nod  carboiiic  acid  ; 
or,  ut  len^t,  it  miy  tit'  nduL'ed  to  »  [iiirtide,  beyoDd  which, 
if  its  miDiiteneus  iilliini'd  u*  lo  ojit^rute  upon  it,  it  is  de- 
mon st  Tabic  itd  ligtifL'  wiiuld  not  cliiuigH.  To  these  Iv^t 
)>urtic)es,  the  result  of  lire  nierhiiuiciil  uualybis.  Hiiijy  givra 
tiic  name  or  iHlegrant  particlut  and  their  union  constitutes 
the  crystal.''  Bee  (.'iiemlbti'y,  1st  edit.  vol.  i,  page  56. 
Aguin,  on  inlegraul  uiiJ  eoiitlilueul  particles,  "  the  coniti- 
tnent  or  coQipooeiit  parti  are  snbslaaces  dift'enng  in  their 
n'ltiire  from  eueh  other,  u^id  Froin  the  substances  tlley  form. 
The  integrant  parts  ate  prFcisrly  siniilar  tu  each  other,  and 
tu  the  generjl  aia'm,  which  is  cowiiofted  by  their  union ;  or 
they  are  merely  the  smullest  purlicle»  into  which  h  aubaljioce 
can  be  resolved  wiihunt  dekompoiiiliuiii  while  decomposi- 
tion is  always  implied  in  the  division  of  a  body  into  ita 
constituent  particles.  The  integmnt  piirta  are  united  by 
the  force  of  aggregation,  the  consliiui-nt  purls  by  chemicat 
affinity,"  ttc.  AH  this  is  more  than  perspicuous;  it  is  ex- 
cellent: and  from  llie  familiar  manner  in  which  Mr.  Mur- 
ray introduces  "  the  smailcBt  purtieleH,  into  wjiich  a  iiul>- 
etance  can  be  resolved  without  decum position,"  and  fl-um 
the  precise  defiuilion  of  theui,  one  would  be  inclined  To 
believe  the  author  was  ;^i>i^  tu  siiy  soiuetbiiis  luore  about 
them  in  the  sei|Uel ;  hut  he  scurei/ly  innnlioiis  them  aguln, 
while  the  uoquulilled  term  partUlti  is  perpetually  intro- 

Dr.  Henry  adopts  the  common  distinction  of  the  nttrat;-  tienn'iCb*- 
tion  of  augregation,  und  that  of  torn pO!>i lion,  or  iiBinity.  ~ 
"  In  simple  bodies,  thererurv,  llie  cohL^ive  aflinily  ulone  is 
exerted;  but  componmU  niu  iufliinictJ  by  both  uftinilies 
their  eonstiluent  or  Jissimilur  purls  beinjj  united  by  ehenii- 
cal  BlOiiiit}',  Bud  thiir  inlrgrait  or  similur  purls  by  th»r  affi- 
nity of  aggregation."  Cheinisiry,  Cili  iil,  vol.  i,  piiue  5i 
He  does  not  however  dearly  defiue  inltgranl  pMrli;  it  ti  not 
lufReient  toKiy,  that  "u  lump  of  (.upper  may  b«  considered 
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>»  compMfd  of  an  tnOuiti:  number  of  miDute  particlei  at 
integrant  parl»,  each  of  which  hu  precisely  tht  «itrae  pro- 
perties UH  thow  that  b«lon<(  to  the  whole  maw,"  For,  it  it 
obviout,  such  inUgrant  parts  may  either  he  Dr.  ThoaiEOu'> 
pafliclts  {of  thu  tint  order)  or  Mr.  Murray's  smallHt  pai. 
ticlet  into  which  a  substance  can  be  resolved  without  decoin- 
potition,  which  I  ca)l  tttoms.  Dr.  Henry  usee  the  term 
particles  st  times  in  the  eame  indeCniie  manner  b!>  bit  prc> 
decesiors. 

There  are  some  other  current  expreiaione  among  chemical 
writers  on  affinity,  thut  are  either  erroneous  or  misunder- 
stood. Chaptal  s«ys,  thot  >■  the  afliniTy  of  compositioa  tl 
in  the  inverse  ratio  of  the  affinity  of  agirregation."  Dr. 
Henry  has  adopted  a  -.iinilar  expression,  page  S3-  The  only 
thing  that  can  be  intended  by  this  expression  ts,  that  the 
affinity  of  lOio position  is  kjs  ifticacious,  as  the  affinity  of 
a(!t;regation  i»  ^leater;  bnt  not  the  affinity  has  predsely 
half  the  effect,  when  tliat  of  uggre^ation  is  double. 
I  Some  new  opinions  and  expressions  were  introdoced  by 
Bertiiollet,  which  want  both  confirmation  and  illustration  ; 
one  of  them  is,  that  the  efTt-ci  of  affinity  is  in  proportion  to 
the  weitiht  of  a  body  multiplied  by  the  degree  of  its  affi- 
nity. Mr,  Murray,  page  85,  has  it:  "  the  rhemical  action 
of  any  body  is  exerted  in  the  ratio  of  its  aftnity  and  quan- 
tity." Dr.  Henry  Dbierves,  page79,  "  to  obtain  a  measure 
of  the  action  of  two  bodies  on  a  third,  if  their  respective 
affinities  were  precisely  determined,  it  would  only  be  neces- 
sary to  multiply  the  number  indicatinf;  the  affinity  by  the 
quantity."  Berthollet's  langnu){e  on  thin  -tubject  would 
seem  to  warrttnt  this  conclusion  as  hi^ ;  but  the  experi- 
ments be  adduces  ceilainly  warrant  no  more  than  that  the 
effect  "  ia  modified  considerably  by  the  mOM,"  as  ^r. 
Thomnon  expreese*  it.  Mr.  Murray  however  has  attempted 
to  iliuatrate  the  IruiA  of  the  priaciple  (Appendix,  page  tQ), 
and  Dr.  Henry  to  explain  its  mtaning  [page  ^■2),  accurdii)^ 
to  the  »en»e  in  which  they  uriderBtand  it.  The  latter  bat 
succeeded  verv  well ;  but  the  furmer,  having  a  much  more 
difficult  tu6k,  has,  I  thialc,  still  left  some  obscurity  about 
it.  The  explanation  is  this:  "  if  a  particle  of  sulphate  of 
barytes  be  on  every  aide  in  contact  with  pRrlicies  of  potasiia, 

whut 
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what  additioniil  force  can  be  i^aiDed  from  an  aildilional 
i|uuDltty  of  |K>tu<>ii;i,  whidj  must  W  witliout  the  fphere  of 
udion  ?"  Thia  U  u  very  proper  stHti'riietit  of  the  (juMlion. 
I  wUh  the  uuihor  hud  kept  cln^ly  tu  it,  nnd  not  enbvlitutt^ 
for  il  anottieriiud  more  coiii{>l<^x  one.  Mr.  M.  continues: 
"  lliis  objection  howeKcr  iniiy  Ih;  uhyiiiled,  hy  coDtideiiitg 
the  mntiiiLT  in  wliivh  i|ui)utlty  o^mtcs.  Suppose  two  bo- 
dies, A  uikI  B,  io  lie  prr:ieiil^l  to  eitcli  other,  the  particles 
of  fUcU  within  the  rc)iiit!tit<.'  diMuiioe  nill  combine  together 
in  tiiHt  proportiikii, in  ivhich  ihry  will  be  mutually  suturmted. 
Suppiwt*  it  to  lie  the  one  vrhtch  ia  in  lurger  prouortiou  ;  its 
inMM  will  continue  to  o(t«rute,  uud,  even  if  there  be  no  tuc- 
t'Msive  applictttiou  nf  it  to  B,  fiotn  the  motion  uttending 
the  combination,  its  uncnmbinMl  or  unsaturated  p.irticles 
will  take  part  of  the  pitrtieles  of  Jl  which  biivc  entirred  tnt» 
th«  couibiniition ;  su  tliat  ihc  whole  partirl-i  of  B  which 
have  been  uitriicted  by  A,  iiistesd  uf  remsiniit^  combined 
with  [Mirt  of  it,  iti  the  proportion  in  which  satnralion  lukes 
pliice,  will  be  dilTuseii  through  (he  nms>;  and  hence  by  an 
incrcuM!  in  this  mriM  there  uilt  be  an  ndditlon  to  the  force 
of  nffinity."  Mr.  M.  then  ud.is,  '■  no  Uw  with  rvgiird  to 
chemicul  affinity  i>  mort.'  imporlant  llian  thul  now  lUns- 
truted."  But  the  illustration  is  almost  lust  upon  ine,  for 
want  of  knowiii;^  ihe  pretise  meHuin^  of  /jarticlt. 

Another  of  Berlhnllel's  ob:tervutioiis  is,  >*  that  the  action  snd  on  ihsi  ol 
of  11  substance,  whn'h  tends  to  derumpose  D  combination,  "■'  '""■"JT^ 
dioiiniiihct  iu  proportion  'a*  iih  Miumiion  ndvunces  ;  for  this 
substance  mny  in  such  cave  be  considered  as  composed  of 
two  parts,  one  of  wliich  is  siiturattd,  nod  the  other  t'rte. 
The  former  may  be  connidered  us  inert, und  ai<  uncoimected 
with  the  lutter,  the  quantity  of  ivhich  diminishes  accotdiiig 
at  the  saluration  advuncek;  wliile  nn  ihe  coiitrary  the  action 
of  thut  which  Ims  been  eliuiiiiuted  increases  in  propurtion  to 
the  nugmentution  ut  its  (piiintiiy,  until  the  ei|uihbrtnio  nf  • 

the  roiilendiii);  forces  ends  the  operuiioit,  und  I'mils  the 
effect."  ReM'uri.-hei>,  t>*<l!e  15.  1  appreheitd  it  is  to  this 
that  Mr.  Miirniy  allitiles,  [Hit;e  9J,  when  he  ili^nces  the 
law,  *•  that  the  force  of  ullrailion  is  in  the  inverse  iHlio  of 
Mtnnitlon,  or  that  the  particles  which  cuter  lirst  into  coin- 
ttiuidlon  uru  letained  by  tx  stronger  affinity  tbtu  those iifter- 

w»rd 
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ward  combined;*'  and  Dr.  Henry,  page  73,  when  he  sayit 
*'  the  force  of  affinity  is  in  the  inverse  proportion  of  neu* 
tralization.**     This  principle  Dr.  H.  explains  numerically 
by  supposiofj;  l6o  parts  of  potash  to  be  divided  into  por- 
tions, and  successively   put  into  sulphuric  acid,  the  first 
portion,  he  argues,  will  be  held  more  forcibly  than  the  se* 
Heremtttaktn  oond,  &C.     Now  whatever  errours  Mr.  Berthollet  may  have 
meQUtonT'     fallen  into,- 1  think  he  cannot  be  fairly  charged  with  this; 
his  commentators   here  appear  to  me  to  be   responsible. 
Suppose,  instead  of  potash,  barytes  is  substituted ;  would 
these  gentlemen  say,  Berthollet  maintains  the  first  fprmed 
'  sulphate  of  barytes  would  be  with  more  difficulty  decom* 
posed  than  the  la«t  fortned  ?     I  think  no  such  inference  can 
Hwmaniing    be  fairly  drawn  from  his  position*     If  I  understand  Ber- 
explsiued.        thollet,  he  means,  that,  if  a  combination,  as  sulphate  of 
potash,  have  another  substance  put  to  it,  tending  to  decom- 
pose the  combination,  as  barytes,  the  action  of  the  barytes 
will  be  less  and  less  powerful  as  the  decomposition  goes  for- 
ward ;  the  great  quantity  of  potash  liberated  will  lend  its 
assistance  to  that  still  in  combination,  and  both  finally  will 
prevent  the  small  quantity  of  barytes  remaining  from  e£fect- 
ing  a  complete  decomposition  of  the  sulphate  of  potash. 

I  would  not  have  it  to  be  anderstood,  that  by  these  in- 
quiries I  wish  to  depreciate  your  publication  on  chemistry, 
or  those  of  the  ingenious  gentlemen  whom  I  have  had  occa- 
sion to  mention.  The  works  have  their  excellencies ;  and 
if  they  should  also  have  their  defects,  it  is  of  interest  to  the 
public  and  to  the  authors  to  be  made  acquainted  with  them, 
I  hope  either  you,  or  some  of  your  readers,  will  undertake 
to  explain  what  you  conceive  chemical  authors  signify  by 
particles';  and  then  I  think  we  shall  be  enabled  soon  to  dis- 
pel the  mists,  that  envelope  the  fundamental  principles  and 
operations  of  the  science* 

1  am  yours, 

J.  DALTON. 
Manchester,  Dec.  igth. 
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An  Estimate  of  the  Heif^ht,  Dlrecfion^  Velocit^^  and  MagnU 
tude  of  the  Meteor^  that  exploded  over  Weston^  in  Connec* 
ticntf  December  the  1 4//i,  1807 :  with  Methods  of  cahutatiug 
Observations  made  on  such  Bodies^  JBy  Nathaniel  Bow-  - 
Dircii,  A.M.  A.A.S.  and  Member  ^  the  Philosophical 
Socittjf  heidnit  Philadelphia.^ 

JL  HE  extraordinary  meteor,  which  appeared  at  Weston,  Mfter-r  that 
ill  Connecticut, on  the  1 4th  of  December,  1807,  ■ndexplcwled^'jj^'jj^fj*' 
with  several  discharges  of  stones,  having  excited  great  at- Counectioat. 
tention   throughout  the  United  States;  and  being  one  of 
those  phenomena,  of  which  frw  exact  observations  are  to  be 
ftHind  in  the  history  of  physical  science;  1  have  thought, 
that  a  collection  of  the  best  observations  of  its  appearance 
at  different  pkices,  with  the  nt'cessary  deductions  for  deter* 
mining,  as  accurately  qs  passible,  the  hfi^ht,  direAion,  ve» 
locity,  and  magnitude  of  the  body,  would  imt  be  unaccept- 
able to  the  Academy  ;  «ince  facts  of  this  kind,  beside  being 
objecis  of  great  curiosity,  may  be  nseful  in  the  investigation  of 
the  origin  and  nature  of  these  meteors;  and  as  the  methods  of 
making  these  calcuiations  are  not  ful|f  explained  in  any 
treatise  of  trigonometry  common  in  this  country,  1  have 
given  the  solutions  of  two  of  the  most  neoesnary  problems 
with  examples  calculated  at  fnll  length,     l^e  second  pro- 
blem  is  not  (to  my  knowledge)  given   in  any   treatise  of 
spherics*     The  observations  of  the  meteor,  which,  after  many  0bfcrv;^oas 
inquiries,  were  found  to  have  been  made  with  su/Bcient  ac-  ^><* 
curacy   to    be   introduced  in    tlie    present     in%'estig:ition, 
were  those  made  at  Wenhnm,  about  seven    ujilfs    north- 
easterly of  Salem,  by  Mrs.  Gardner^  a  very  intelligent  lady, 
who  had  an  opportunity  of  observing  it  with  great  utten-  . 
tiou  ;  those  at  Weston  by  Judge  Wheeler  and  Mr.  Staples  ; 
and  those  at  Rutland  iu  Vermont  by  William  Ta^e,  £^« 
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In  collecting  and  combining  these  observations  I  hare  re» 
ceived  great  asmtance  from  any  IHend,  «lohn  F^ekermg, 
jun.  Esq.  A.A.S.,  particularly  in  the  observations  at  Weo- 
hani.  These  observations  are  ((iven  afler  the  problema, 
and  the  reanlts  frona  combiuiiiK  theoi  in  various  maDDert  are 
stated  at  tlie  end  of  this  memoir. 

PnMem  1.  PhlcWl.fig.  1. 

Methcxtsnf  df*  Suppose  tliat  in  two  places  iu  giveo  latitudes  and  lon;^- 
termiiiine  the  fudes  the  azimuths  of  a  meteor  were  observed  at  the  same 
lf«r.  moment  of  time,  and  its  angular  elevation  above  the  horizon 

of  one  of  those  places.  It  is  required  to  determine  the  sitoa- 

tioaof  tbe  meteor* 

Solutkm. 

Let  C  be  the  centre  of  the  Earth,  PWSM  a  portion  of 
its  surface  reduced  to  the  level  of  the  sea  sopponed  to  be 
spherieul,  P  the  pole  of  the  Earth,  w,  5,  the  places  of  ob* 
servation,  «  the  phice  of  the  meteor.  Draw  Cw^  Cft  Cat, 
cutting  the  sperical  surface  in  the  points  W,  S,  M.  Theo 
Wit,  Ss*  will  represent  the  vertical  heit^hta  of  the  places  of 
observation*  and  Mm  the  vertical  height  of  the  meteor  above 
the  Icvdofthe  sea;  PWM  the  azimuth  of  the  meteor  ob» 
sen'ed  at  i&,  and  PSM  its  azimath  observed  at  t*  Then  ia 
the  spherical  trianglj^  PWS  are  giveo  PW,  PS,  the  eolati- 
tudes  of  the  places  of  observation,  and  the  angle  WPS 
equal  to  their  digerence  of  longitude,  to  Hnd  by  spherica 
the  angles  PWS,  PSW,  and  the  sideSW.  The  sura  or  dif- 
fereuceof  PWS,  PV\'M,  will  ^rjve  the  ^iv^W  SWM ;  and 
the  sum  or  ditforence  of  PSM,  PSW,  will  give  the  angle 
WSM.  Then  in  the  iipheric  triangle  WSM  will  be  given 
tlR>  angles  SWM,  WSM,  and  tlie  side  SW,  to  Hnd  the  ^idea 
AVM,  SM,  which  are  respectively  equal  to  the  angles  mCm^ 
sCntm  The  altitude  of  the  meteor  observed  at  w^  added  to 
90%  and  Vr^h  |Mirt  cxf  tlM^  arch  WM  subtracted  from  the  bu«i 
ibr  terrestrial  refraction,  will  leave  the  correct  value  of  the 
siv^le  Cie/it!  this  a(l(k*d  to  mCic,  and  the  sum  subtracted 
from  180%  will  leave  the  angle  Cmx^,  Then  in  the  |>laue 
triangle  Cfcm,  will  be  given  the  angles  and  th**  side  Cir, 
(vkbicb  may  in  general^  wheu  Wiv  is  small,  be  taken  ec^uu^l 

to 


to  the  senidiaineter  of  the  Earth,  39B9  miles*)  to  find  vfH 
the  disttoce  of  the  meteor  from  the  ob<»erver  at  10/  and  Cm 
its  disttnce  from  the  centre  of  the  Earth,  from  which  tab* 
tractini^  CM  equal  to  3989  milest  there  will  remain  the  ver*> 
tical  altitude  of  the  meteor  above  the  Ie\*el  of  the  tea.  In 
the  plane  triangle  sCm  are  given.  C#,  Cat,  and  the  in* 
eluded  angle  |Cm,  (rr  arch  SM)  to  find  tm  the  di«taoce  of 
the  meteor  fromthe  observer  at  t,  and  the  angle  Csm  equal 
to  the  supplement  of  the  tenith  distance  of  the  meteor  at  u 
The  colatitude  of  the  meteor  is  equal  to  the  arch  PM ,  mod 
the  angle  SPM  is  equal  to  the  difierence  of  meridians  be* 
tweeo  the  meteor  and  the  obMA^rer  at  «.  These  qi^ntities 
may  be  easily  found,  by  means  of  the  spheric  triangle  PSM» 
in  which  PS«  SM  and  the  angle  PSM  are  given.  They  may 
also  be  found  in  a  more  simple  manner,  and  to  a  sufficient 
degree  of  accuracy*  by  the  usual  rules  of  navigation^  sup* 
posing  the  angle  PSM  to  be  the  course  and  SM  the  dia* 
tance,  whence  may  be  found  the  difierence  of  latitude,  de- 
parture,  aod  difference  of  longitude  between  the  points 
S,M. 

Example* 

Suppose  the  asimutb  of  the  meteor  at  Wenham  PWMs  TbsfiiUfia*  . 
I  I7*35'M",  alimuth  at  Weston  PSM  =:3^  altitude  at  Wen-  Wtai«ti»jp^ 
ham  5*SQ\iO",  colatitude  of  Wenham  PWrr47*19''45'', 
colatitude  of  Weston  PS  48*45',  diflference  of  meridians 
WPS!:29* 36*45".  It  is  required  to  find  the  latitude  Uud 
longitude  of  the  meteor,  its  distance  from  Wenham  and 
Weston,  and  its  vertical  height  above  the  level  of  the  sea. 

Thiscorresponds  to  Example  10  in  Table  I. 

•  Ths  mile  m^ie  use  of  in  thTt  memoir  h  the  statute  mtle  of  5t8(>  feri. 
In  the  following  cAlcuUtiooi  on  the  Weston  Tneteor,  ti  will  be  supposed  • 
thst  Cco«s:C«aBJ982  miles;  the  part  Ww  or  S>  being  bui  •  inall  f^cHoa 
of  a  m^e. 
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^  ACMuvT  or  TM  Mmoa  tsftv  IV  comfcericvT. 

PrMtm  2»  f^«  3« 

fitMNAt*  Suppose  that  iu  two  placet,  #,  «»  in  given  latitodet  and 

longitudes,  the  angular  elevations  of  a  meteor  Cim,  Ctrata 
w#re  observed,  and  the  azimuth  PSM  at  one  of  the  placet. 
It  it  required  to  find  the>Mtuation  of  the  meteor* 

Solution. 

This  figure  is  to  be  marked  like  the  firsts  then  on  SU 
(continued  if  necessary)  let  fall  the  perpendicular  AW. 
Suppose  a  plan^  drawn  through  tc,  fierpendicular  to  Ct0,  to 
(*nt  the  line  sm  in  b.  Join  Cb  cutting  SM  in  B»  and  let 
CA  continued  cut  sm  in  a.,  Find  in  the  triangle  PSW,  the 
angles  PWS,  PSW,  WSM  (or  ASW),  and  the  side  SW  as 
in  the  lai^  problem.  Then  in  the  right-angled  spheric  tritn- 
,  pie  SAW  are  given  SW  and  the  angle  ASW,  to  find  by 
tpherics  SA,  AW,  and  the  angle  SWA.  The  angle  Om»  m* 
its  supplement,  is  equal  to  the  angle  Cm,  the  angle  mC^tz 
arch  SA,  and  the  angle  Ca«=180*-*^5a — sCa* 

Sine  Cas :  Sine  Csa  \\Cs\  Ca 

T"R.  AWB=-|^5:j^  (1-  -§;.  C-me  AW) 

The  affection  of  the  angle  AWB  may  be  determined  bj 

the  figure  and  the  data  of  the  problem** 

Cd 
Sine  MWB  =:rr*  xCotang.CtrmxTang.CaJXCos.AWB. 

MWA-AWB+MWB. 

The  sign  to  be  made  use  of  is  easily  discovered  by  the  figure, 
observing  that  the  point  B  falls  between  M  and  S. 

Cotang.  mCto  (nCotang.  MW)  =r  Cosine  MWA  X  Co- 
tang.  AW.  The  sum  of  the  angles  Ctrm»  mCir,  subtracted 
from  ISO*,  leaves  Cmi#.    Then 

Sine  Cmtr  :  Sine  Crrm  ::  Ctc  :  Cm. 
The  distances  trm,  jm,  and  the  latitude  and  longitude  of 
the  metror  may  be  found  as  in  Problem  L 
rofT*^»ioa  for     When  the  diftance  of  the  meteor  is  great,  the  angles  Csm^ 

^  This  angle  roar  M^o  ^^  found  in  the  following  manner.  IJa^ing  in 
the  plsne  triangle  aCw,  the  sides  Co,  Cic,  and  the  an^^te  aCw  (K%rch  A  %V) 
the  angles  C«ff,  Cu'<t,  may  be  found  by  ]>lane  trigotmneiry,  and  AWB 

Vr   thii  formula.    Tang  AWBac ^ 

Sine  Can? 

Ctrm, 


▲ccouvt  or  niB  nsnoa  tssir  tx  oonitbcticiit.  gj 

Cwm^  mcft  be  corrected  for  terrestrial  refractioa»  by  tub*, 
rracttag  one  fouvtiseoth  port  of  the  iotercepted  iircbet  SM> 
WM  i«tpecti«ely;  bat  ts  tfietc  orebestre  generally  on* 
known,  it  will-be  necessary  (wben  great  accaracy  is  required} 
to  aake  the  calculation  with  the  altitudes  uncorrectiMi,  and 
thus  find  the  approximate  values  of  the  corrections  of  the 
altitudes  for  refructioa»  and»  by  repeating  the  operation^  the  * 

required  quantities  will  be  obtained.  In  this ,  way  the'  re- 
fraction in  the  Wenham  obsenrations  was  found  to  be  about 
nine  or  ten  minutes. 

Exampk* 

Suppose  tKe  altitude  of  the  meteor  at  the  time  oFits  dis-  Excmpliftea- 
appearance  at  Weston  was  76*,  its  asimuth  at  that  place  ^'"*'^*°^?' 
NlS'W^and  the  corresponding  altitude  of  the  meteor  at 
Wenham  5*30'  corrected  for  refraction.  It  is  required  to 
find  the  latitude  and  longitude  of  the  meteor,  its  distance 
from  Wenham  and  tVeilon,  and  its  vertical  altitude  above 
the  level  of  the  sea. 

Here  are  given  the  angle  CtoM=r90*-|-alt.  at  Wenham  r: 
95*  30',  C««=:90*+  alt.  at  Weston  =:  1 65*.  Thearch  SW 
=3^  $4'  25",  the  angle  PWS  =  125*  18' 38",  and  the  angle 
PSW  =  53*56'34 ",  are  found  as  in  the  lad  example.  The 
angles  PSW,  PSM,  added  together,  give  WSM  or  ASW 
=  67*56'34". 

This  corresponds  to  Example  M,  Table  1. 
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PWM  123  38  51  =^  caltolated  azimuth. 

The  course  from  S  to  M  is  nearly  N 15*  W,  the  distmnee 
SM  4' 29";  hence  the  difference  of  latitude  of  the  points  S, 
M  is  4' 20",  departure  69*6',  difference  of  longitude  93". 
Heme  the  latitude  of  the  point  M  is  nearly  41"  19' 20" N, 
and  its  longitude  73°29'33".  W, 

If  itbe  required  to  find  the  change  in  the  above  elements, 
arising  from  an  errour  in  the  altitude  at  \V>nhain,  it  would 
only  be  necessary  to  repeat  the  latter  part  of  the  calculation, 
since  the  values  of  SA,  SWA,  AWB,  would  remain  the 
same  in  both  cases. 
Remarks*  Remark   I.    When   the  distances  of  the  observers  from 

tancMbeiween  ^®^^  other  and  from  the  meteor  are  small,  the  correction 
the  ubtftirven    arising  from  the  spherical  form  of  the  Earth  may  be  ue^- 

arVilljT  °''  ^^^'^^*  supposing  the  triangle  SWM  to  be  rectilinear,  and 
drawn  on  a  horizontal  plane.     In  this  case  the  calculations 

^iTlic^e  logarithms  are  neglected,  because  one  is  the  arithmetical  com- 
plcmtixt  cf  thtt  other,  and  their  sum  'rejecting  10  lO  ih«  iiKldx)  is  0 

will 
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irill  be  rendered  more  simple,  if  the  heights  are  estiihateii 
ironi  a  plune  drawn  thruDgli  i»  parulld  to  ihe  horizon,  sup- 
po!iii:<^  the  pniitts  w,  W,  to  coincide.  Then  if  the  point<i. 
«(  ic,  are  at  llie  Baiiie  height,  the  points  «,  S,  will  also  coia- 
ride  as  in  li^.  3,  If  the  points  ji,  w,  are  not  at  the  same; 
level,  as  ill  fi;;.  4,  ihe  Unea  in»,  MS  (continued  if  n^ 
TCs^sary]  <viU  meet  in  S ,  in  the  plane  MWS,  making  SS' 
e:S»\  Cotang.  alt.  meieor  at  *.  In  either  case  (here  will 
be  given,  in  Problem  I,  the  Bii£;le)  »WM.  WSM,  SMW  Vrob.  1. 
(=180*— SWM—WSM),  Olid  S\V,  to  find  by  plane  trtg<N 
Booietry  WiM,  SM.  Then  the  altitude  of  the  meteorubow 
the  level  of  the  point  to  will  be  represented  by 

WMxTaiiif.  eleputionof  the  meteor  a*  ic. 

In  Problem  9,  «hi-n  the  points  *,  w,  are  at  the  «anie  lewl,  ''^^  *■ 
«s  in   fig.  3,  there  will  be  given  the  angles  Mtcm,  'Msm, 
WSM,  and  the  side  SW,  to  find  the  angle  SWM  by   the 
followini;  formulR. 

Sine  SWMr: Tang.  nit.  meteor  at  ir  X  Cotang.  alt.  meteor 
SI  f  X  Sine  WSM,  whidi  being  found,  the  rest  A*  the  cal- 
culation may  be  made  its  above.  When  the  points  ),  id,  are 
not  on  the  same  level,  as  in  fig.  4',  the  line  SS'  being  found 
as  above,  and  the  angle  W^lj'  equal  to  WSM  or  iti  supple- 
ment, SW  being  also  given,  the  side  S'W  and  the  anglea 
WS'S,  S'WS,  may  he  found  by  plane  trigonotnetry.  Then 
■1  before  we  sliull  have 

SineS'WM=:Tung.alt.  meleoratto  X  Colang.all.ineteor 
«ktf  X  Sine  WSM,  which  gives  the  beerins  of  ihemeteor  from 
^,whencelht:(liijtaaceW~lVIiundtheheightoftbemL'teorasiQ 
Problem  I. 

■  Remark  1.  When  either  of  the  aiimulhs  or  i.llitudes  isW>i«>«ihtt 
aot  accurately  known,  but  the  limits  between  which  the  real  „uihi  or'riii- 
value  is  couiaincd  nfe  given;  the  situatii.n  of  the  meteor '"^'"'^nBi 
Bay  be  calculated  for   euch  of  tlicte  lioiila,  and   by  this  k^g'^.n,  ' 
lU^uB  the  lirotiing  valuen  of  llie  reqoiied  elements  of  trie 
motion  of  the    bmly  may   in   generJil    be  obtained.     This 
method  is  fre<!tuenlly  made  use  of  in  this  memoir. 

Remark  3.   In  order  to  indue  of  llie  accuracy  of  the  results  Yf"^  "/. 
obtained  by  the  precclin^  problems.  itTill  be  a^ciiA  to  re- >ctur»cj»f[tie 
p«at  the  operation,  making  suceeasively  a  small  chnoj^e  iv '*"'''■ 
mch  of  the' given  quanlilies.     Fur  if  any  one  of  the  re. 
quired  quantities  benot  inuteriiiUy  affeclcJ  by  the«echangi'^. 
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tie  cilculatifd  value  will  jn  geoenl  be  nearly  correet«  On 
the  other  hand,  if  a  small  erfonr  ia  tb«  observed  angles  pro* 
duces  a  gr6it  erroar  in  die  result^  it  will  be  proper  to  reject 
it.  Tlittt,  in  Probleoi  1,  if  the  given  angles  WSM,  SWM, 
are  both  very  small,  the  least  change  in  either  of  tliese 
aogfes  will  in  general  produce  a  great  change  in  the  sttuatioo 
of  the  point  M»  as  is  well  known ;  and  if  tlic  two  places  of 
observation  s,  ntf  arc  thus  situate  with  respect  to  the  meteor^ 
tb^  observations  made  at  those  places  routit  not  be  combined 
together.  This  is  the  case  with  the  observations  of  the 
Weston  meteor  made  at  Ilutland  and  Weston,  and  for  tbis 
reason  the  observations  made  at  those  places  are  not  com« 
bined  together,  in  the  calculations  made  for  determining 
the  place  of  the  meteor. 

fTo  be  concluded  m  emt  nexl.J 
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On  the  method  of  Jiissict.     By  Mrs.  Agses  Ibbetsoii« 

In  A  Ldtiterfrom  the  Authou 

To  Mr.  NICHOLSON*    ^ 
SIR, 

Difficulties  of  Jr  ERFECTLY  aware  of  the  extreme  difRciilty  of  es^ 
ihod.  tablishing  a  natural  method  in  Botany,  a  task  so  often  tried 

without  sHCcesi  by  our  first  botnnist^,  even  by  Linnens 
himseff;  the  ditflculty  offollowinj^  nnttire,  not  only  in  the 
general  appearances  the  superficial  obsi»rver  mfty  mark, 
but  tracing  her  In  those  tninute  and  \\Mhidilen  lines,  which 
require  the  most  extreme  attention^  tlic  most  profound  know- 
ledge in  her  ways,  tlie  most  exact  discrimination  in  her  ap- 
pearances ;  I  cannot  but  derply  rpi^rt't,  that  the  Innjj  stride 
that  excellent  botanist  4"^^i**u  madci  towards  obtaining  a 
t  natural  method^  should  be  (in  any  manner)  font  to  the  public* 

'  l>nt  it  should  be  considerfd,  that  the  lifr  of  one  man,  nay 

•     *  of  f*evcral,  must  be  far  too  shorty  to  brinj;  to  perf»/ction  h  work 

of  such  ma*'nitude;  winch  requires  tlie  joint  attentiou  of 
many  phynoiogislsi    who,  ms  the  scitiice  adeanccs,  should 

cou- 
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rDDttuitty  endesvour.tocorrect  lad  improvelA*p/M:  and. 
applying  to  its  aid  every  □«»  tight  throno  on  BoUny,  k3timi> 
laielheknowledj^of  oil  m  one  !*rand  undertakin)^. 

When  therefore  we  reflect  how  difficult  the  talk  i».  it 
will  surely  be  granted,  that  even  Jusiivu  had  not  the  per- 
fect knowlege  requisite  to  complete  such  a  desideruluoi, 
which  demaada  the  most  exuct  acquaintance  cheiDicallyi 
botanicull}-,  and  by  dissection  with  every  single  plant. 
DfHwinss  eiubntciof^  iDDst  uf  (he  appearances  arc  nece**  Hpquiiitei 
sary;  with  the  addition  of  a  simple  uccount  of  those  pecu- '''''■ 
liaritieo,  which  distinguish  the  class,  the  order,  the  genus, 
and  species;  pointing  out  the  varioua  marks,  that  ally  a 
plant  lo  each  different  family  :  mentioning  the  plants  with 
which  it  naturally  ranka,  and  those  train  that  form  its 
artificial  relations;  explaining  aho  its  first  rise  form  the 
setd,  with  all  the  peculiarities  that  attend  its  infant  state. 
Its  juices  muat  n^^f  be  described;  the  chemical  properties 
of  both  blood  and  iitp  ;  the  manner  in  which  they  flow;  and 
on]'  «|uriatioo  that  may  appertain  to  its  tnterior  structure; 
which  iti  perhaps  one  of  the  most  curious  parts  of  a  plant, 
*nd  adbrds  us  Hn  auulos;y  never  before  sought.  The  form- 
ation of  the  flowers  tna^i  be  compared  with  those  of  the 
apecies  not  only  eriernallif  but  internally ;  oo  the  latter  of 
which  much  of  the  habit  uf  a  plant  dependi.  The  species 
of  root  must  be  shown,  with  its  interior  formalion,  and  the 
direction  of  iln  striiig»;  at  well  ns  the  stem,  and  the  varia- 
tions to  which  it  is  subject.  The  uccount  must  murk  ihe 
fir^it  shooting  of  its  leaf  dnd  flower  bud;  and  whether  con- 
cealed or  not  within  the  itemi  the  etl'cct  of  the  decayed 
ieiifbuitt  on  the  stem  in  some  plnnts,  and  the  reason  nhy  it 
ia  not  the  same  in  all;  the  shape  and  nature  of  the  full 
grown  flowtr:  when  it  opens,  and  closes,  and  at  what  times : 
the  history  of  the  iioinen  and  pistil,  and  their  mnnner  of 
■ctinif,  tic. :  and  ahoce  all,  eiich  obserVBtion  mu^t  be  ijiven 
in  13  few  abort  tealtiicri  as  poaiUe;  which  will  allow  of 
•easily  compiirin);  the  pinnts  togt-ther. 

IFiien  all  i^is  it  done,  1  doubt  not  the  rttl  analog  will  Aonunl 
Appear :  and  that  we  thall  then  have  a  noCr*/  method,   not  ^'f  '"^'^ 
fancied   [>r  drawn  up  by  mtu;    but  difot^ered  in  iialurt,       ' 
'hich  will  be  followt-d  with  eas«.  andi^iihe  the  tadU  of  A 
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^         tbnk  bdi9)pUii{(  off  till  it  'eksbncet  id  «ne  grcni  trA«b  M 
iigiitbkr<rt>tiom  - 
and  should  be       But  wWilf  4  polAt  oiA  the  diAculttes  atlmding  the  forma* 
sought  after.     tloi»'of  f«eb  4'  mothbdy  Hill  the  hope  to  attain   it  thoold 
iiV^^indmiid§fl  aadthovgh 'thit n^iirat  botanist  failed  in 
llMribiiDdaltOa  cf  kit  pUm,  he  ha^  evinced  to  much  jodg- 
WMt  sod  knowledge  -in  the  arrangement  of  his  diftereat 
aloM^t  'Of«fer5»- and'  generaf  that  th«ry  may  serve  as  a  lea- 
tf     '  ••  SOB  to-,  ail  tbose^  who  would  attempt  the  tBak4     I  shall  first 

-  therefore  detail  his  method,  show  the  defects  of  it,  and 
thenr  -proceed  to  point  out  what  appears  to  me  to  be  the 
meatis.  of  rendering  it  the  foundation  of  future  hopes  and 
atndies.  Jossieo^s  plan  was  60>flimple«  and  so  beaotifuly 
tbat«  while  discovering  the  mistake*  I  could  not  but  re* 
gretthat.it  was  not  true,  and  admire  the  simplicity  of  the 
idea:  Fie  appeared  to  have  brought  together  all  thoaa 
nmrka^both  in  physiology  and  botany t  that  should  discri« 
mnte  the  different  classes  all  emerging  from  three  great 
cemhttsi  appearing  to  arise  as  of  tkemseket  in  the  orrfer  and 
gamrU'tiBture  uH>uid  have  €Uctated.  How  distressing  then 
to  find  all  this  beauHJul  itructurefahe;  I  really  felt  deeply 
the'  necessity  of  undecei^ring  the  botanical  world,  and 
Awakening  them  from  the  admiratiot^  the  loceiy  JictioH  had 
eoicjid*  Nor  was  Jussieu  to  blame;  he  is  amply  vindicated 
by  the  poorness  of  his  magnifiers,  by  the  knowledge  of 
tho^  tiiA'es;  though  perhaps  a  little  blinded  by  the  beauty 
of  his  own  conceptiwis.  He  examined  with  the  powers  he 
had  I  and,  seeing  all  as  others  hade/one,  he  looked  no  fkrther* 
I  fKhall  now  give  a  sketch  of  his  method,  which  will  ever 
distinguish  him  as  one  of  the  first  of  philosophic  -botanists* 
It'hiay  be  thought,  that  /,  an  obscure  individual,  am  most 
^f#Xlimpttcoict  in  daring  to  contradict  snch  a  genins:  but  it 
ik:  not  .{^matter  of  argument  ur  opinion,  but  of  sight,  and 
having  the  benefit  of  better  microscopes  than  he  had,  it  is 
tJtesethtit  refute  him,  not  1.  He  sought  truth;  and  truth 
1*^  my  aim;  nor  can  I  believe  if  iivitig  he  would  not  have 
IT  .  -w"  .*  wi.shed  the  erroneous  pan  of  his  lutthod  to  be  effaced. 
Ja-islfffsme^'- "-J ^-^icu  conceived  all  plants  to  be  depurated  into  three 
thod,  gf^ad  divi^loas,  or  classes,  by  their  cotyledons  or  seminal 

t  •       .      .♦  .  leaves 
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WavH:    Ist,  plants  which  had  no  cotyledootn.  ft4»  'plftlNi 
which  had  one  cotyledon :  3d)  plants  which  had  tw*.    TbeRf 
were  subdivided  into  orders,  which  took  -  their  ■dittSnction 
chiefly  from  there  being-  or  not  being  any  albumen*  in  thij 
seed;  and  this  waafoUowed   by  another  sefiaraticMi'  iiilii» 
genera,  by  their  seed  being  JhrimacMus  or  fleshy,  .  Heooci 
he  proceeds  to  that  strict  and  excellent  aeparatioBy'whkrh 
is  completely  tn  nntmre^  and  trufy  just;   **  whether  tkft 
stamens  are  fixed  on  the  receptacle^  on  the  calyx,  or  oa  t^ 
/>»fi7/'  marking  these  by  tiie  appropriate  names  uf  M  hyped 
genes,  sur  le  recefrtacle";  "  pprigenes,  sur  le  calice**;  -**  epi^ 
genes,  sur  !e  pistil".    From  this  he  proceeds  to  mori!''mtnQte 
divisions,  explanatory  of  the  species,  in- which  he  showa'hia 
knowledge  with  a  precision  and  exactness  impossible  not  to 
admire  and  feel.     But  in   my  last  letter  I  showed,   that  Hit  mbtakp. 
these  two  last  are  the  on/t/  circumstances  of  a4l  the  method^ 
th^ihsivt  truth /or  their  basis;  for  it  is  a  positive  fact,  that 
there  are  no  certain  number  of  cotyledones;   and  though   " 
(except  the  firs)   few  plants  show  mere  than  two  aboMPe 
ground;  yet  they  are  within  the  seed,  and  their  oumtiera 
are  rarely  regulated  but  by  the  length  of  time  thesei^Beiiift 
cause  the  tieed   to  remain  in  the  grouu4  pri^yioiia.  to  i%i 
shooting.     He  took  for  cotyledons  only  the  two  last,  leaufs^ 
appearing  from  under  the  hearty  and  aa  two  leavea  Qiua^ 
always  be  more  or  less  in  that  sitnationf   he  s]|w  aot  thi) 
I'cst,  that  were  attached  to  it,  or  the  number  whic|>  a^r-i 
rounded  it.     The  extreme  smallntss  of  the  seeds  of  .hia 
acotyledonovs  plants  required  a  nice  hand  to  dissect,  themt 
and  a  soiar  microscope  to  enable  the  botanist  to  discern  tlie 
i^gure:    and  his  mouocotyledons  arose  from  the    muleiEv 
of  taking  the   wrong  haf   for  a  cotyledon,      A9  in   piU 
other  seeds,  the  impregnating  vessel  must  peas  through 

*  As  it  iDtij  not  be  recolltctej  or  not  known  to  the  reader,  that  in  mf  • 
luSt  letter  on  seeds  I  proved,  that  albumeo  and  albumam  areHir'auna 
iobstance ;  I  here  repeat  it  j  having  tak^o  the  soft  subaUMce-  ftmih 
a  graft  while  joining,  and  from  a  feed;  and  compared  U.  in  e^rsff 
chemical  way  passible  wah  so  stnalt  a  substance  j  ijt  Proved,  in  every 
reNpect  the  same.  Jussieu  seems  lo  be  of  this  o|}inioa :  for  in  writing  w 
boUi,  he  rnakes  use  of  but  one  expression. 

the 
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the  corcnltim,  to  reach  that  recwi  m  which  moit  at 
the  cotyledftDk  ure  fonncd  -.  in  the  (■□nmammi/^raui  «'un«. 
palin*,  gnjieB,  mid  «iist  he  cxIIb  the  aroides,  the  coty- 
ledon part  need  not  pan  uiidpr  the  heart  but  brunch 
•ff:  the  colylMlon  farming  int*  learci  before  the  corcu- 
luin,  an  in  the  jcrsiues,  or  coveriag  it  as  io  tltf  patm*, 
•bile  the  pritnordiHl  italk  alnoe  pflues  through  the  heart. 
Aa  ta  Hhal  he  rails  hn  <)i cotyledons,  1  <]o  coufefs  1  am 
aEtouished  at  his  blindness,  for  in  the  walnut,  mustaTd, 
o«b,  huel,  they  are  so  large,  that  the  nuked  eye  can  almost 
ditatrtt  th^stn,  and  «ee  that  there  are  more  than  two:  and 
had  I  not  been  i)lin>led  by  my  perfect  rcliauce  on  bin,  and 
aasuTancc  he  must  be  right,  I  should  not  so  long  have  shut 
my  eyes  against  conviction.  J  hav^'  shonn  them  to  maiiy, 
who  were  equally  will)  myself  cuuvinced,  that  Ju8Meu*a 
method  wa»  no  longer  teiuble. 
tinciisn  I  noi*  come  to  that  distinction,  which  resti  on  the    seedi 

™}''°.'""^lja»ing  or  not  having  Blbumcn.     I  showed  in  uiy  luHt  whnt 
d.  albnin(?n  was  in  the  opinion  of  the  tirst  phytiologisis,  aucU 

as  Duhamel,  Slirbel,  and  Kijit;hl;  and  explained  what  I 
think  it  to  he,  the  lofier  part  of  the  vmott,  which  when 
ready  prepared  for  the  sap  vcsi'e))>,  they  would  shoot  frotn 
any  nbi|>hbourin^  part  into  the  delic^ite  matter,  completing 
the  formation,  and  it  then  becomes  perfeei  wood,  in  e 
sense  of  the  word  ;  and  by  degrees  hardens,  and  presaeff 
cloeer.  There  i»  scarce  an  experiment  possible  but  1  hvA 
made  with  this  matter,  ireatin^  it  with  hot  and  eo/d  water, 
with  spirit  of  wine,  with  a  «and  bath  i  and  I  could  drai 
other  iuferencf  from  its  appearance,  than  the  «nfa  I  hava 
gmn  :  which  any  person  may  pro»e  the  truth  of  by  talcipg 
it  from  a  griffi  of  three  or  four  months  old  befnre  the  platil 
shoots:  now  as  the  embryo  is  almost  wholly  wood,  and  th* 
natter  is  unformed  wood,  how  can  some  seeds  be  without 
albumen?  it  is  impossible:  The  oext  psrt  ia,  that  tha 
aeeds  should  be  farinaceous  or  fleshy.  Seeds  undottbtcdlf 
differ  moeh  in  this  respect,  instead  of  being  divided  int« 
two  sorts  only;  they  are  separated  by  nature  into  four; 
appearing  at  first  of  exactly  the  same  formed  matter, 
though  subjocl  to  such  a  variety  of  chemical  changes,  i 
well  worthy  the  attention  of  the  learned  chemt^l,  who  drfr- 
co>-cred 
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rorr<]  ttieinanner«r  roriiiiii£fiu;^iir  ill  «t^n]i.  the  troth  of 
which  «FCr«ion  is  every  duy  cxeni|>litiv(l:  though  *U  pro- 
L-eeils  from  (he  same  apparent  luntlrr.  Ai  (non  as  lli« 
rmbryo  thoots,  all  farinareuiia  seeds  upjiear  filled  •iih  a 
milky  juice,  whirh  adur  a  time  hanleti*  and  becomi^n  a 
white  flower;  d«  wheat,  bnrlry,  eloper,  &c. :  while  in  the 
di'id^lphiiin  tribe  the  mnUer  tmni  to  a  lirtp  ffren,  which 
IiH'-drns  also  :  Ihr  3d  iniiy  lie  tiiid  to  remniii  us  it  wst  ut  the 
bcginniiin:  while  ihe  4th  hpcomes  an  iiba«lute  oil:  thi» 
laat  chiirT»e  tppenrs  to  rise  from  the  litond  of  the  plant  en- 
lerinK  the  wed  for  iht  production  of  the  leaves,  but  the 
other  vnriiilionB  nre  certiiinft-  most  curious,  aud  would  make 
four  divisions  inatead  of  two:  ad  to  the  laHt,  of  epigeuea 
and  prri^ent-s,  there  cannot  be  a  more  diatittjjuiahiotf  or 

I  more  appropriate  mark. 

1  have  no*  given  a  sketch  of  Jua»i«u"B  pUn.  and  hate  also  Theri?  a 
ihono,  that,  the  lact  t«a   excepted,  diasectiun   proves    hi» '"""'' 

'  Ji^linctioas  to  be  wholly  fulMe:  but  though  thi»  i^  ihi:  case, 
yet  he  has  ndraimbly  selected  his  classeii,  ordert,  and  genera, 
they  will  still  stund  ns  of  themselves  from  their  Strong 
sfmilitode  to  ench  other  :^-and  enubU  ua  to  continue  our 
retearthes,  und  draw  our  conclusion,  till  farther  examinu- 
tlon  may  find  a  better  basis  to  siib^ilitute  for  the  futse  one  ; 

I  and  ns  no  plan  of  this  sort  ca(»  be  perfected,  lill  we  have 

I  completed  our  acquaintance  by  dis^ction,  as  well  as  botn» 
niraily,  with  every  single  plant ;  yet  the  nearer  we  upproacli 
to  this  knowledge,  the  sooner  ue  fhull  attain  our  wishes; 
for  1  fei'l  the  most  perfect  couviclim,  that  ull  the  regularity 
found  in  every  part  tnu:*!  arisr  from  u  xalvral  mtihoil  esta- 
blished by  the  author  of  ull  order,  and  only  to  be  discovered 
by  extrem*-  study  and  close  attention   to  the  faelt  to  be 

_  fonnd  in  the  tegetable  world. 

I  am,  Sir, 

Vaur  oblig^  servant, 

AGNES  lURETSON. 

1  hare  just  been  culting  a  graft  of  the  daphne  ciieorum  Guft^ 
■•p  thed.  niczcrium.  where  the  formnliou   of  the  albumen 
S  not  complete :  and  as  in  no  plant  this  process  is  seen  in  u 


t04  ^^  T>^&  METHOD  or  JI78Sl«U. 

pbiner  tlianfier»  I  had  the  delight  of  diowiag  it  to  several 
geollcmed-  in  varioat  coaditious :  first  without  any  veatels 
ozoept.  the  bastard  pipeii«  and  afterward  a  little  lower  with 
lotiolily  bastard  pi|:ws,  but  the  silver  grain  oomplete,  and  the 
sap  'fiesaeb :  but  this  has  been  repeated  in  several  grafts— 
iodeed  they,  need  but  be  taken  early  cuough^and  they  can- 
/  opt  fail  to  show  this  effect    , 

.  in  the  observations  which  I  have  mentioned  as  necessary  to 
fbrm  a' complete  account  of  each  indifidual.plant».in  the 
hopes  .of  detecting  the  analogy  necessary  to  produce  the  dia- 
oovery  of  a* natural  method,  I  did  not  mean  to  find  fault  with 
p  the  botanical  description,  for  certainly  Dr.  S.  has  left  ua  no- 

thing to  bd  desired  on  this  head  :  but  anatomically  we  may  be 
said  «to  be  wholly- ignoramt  of  plants;  this  will  undoubtedly 
produce  an  analogy  closer  and  superior  to  all  except  a 
Diff^reat'  '  '^chemical  analysis  of  itsjuires^:-^to  prove  this  1  need  give 
iS'***«i2^*^'  but  a  few;  thei^e  is  i-o  most  plants  a  place  of  separation  to 
psru  of  a  convey  each  different  juice  to  that  sepajrate  part  of  the  flower 
pUnt.  /  it  is. intended  to  form  and  nourish.  Linjieus  was  of  this 
opinioD,  and  from  the  first  dissections  1  tyiade,  I  was  con- 
vinced of  the  truth  of  the  suspicion — I  have  since  found  it., 
in  almost  every  pl9QtI  qould  obtain,  both  es^tic  and  native: 
pome  baVe  this  division  under  the  pericarp,  some  at  the 
boUpm  of  the  flower  sialk,  and  the  change  id  most  conspi- 
cuous. There  is  also  another  curious  particular — in  all  the 
phaseoli,..and  .a  few  diadclphian  plants,  an  increase  of  the 
joint*  I  jaoticed  sqmething  resembling  this  in  the  mimosa 
bensitiva^--»-but  U)at  had  but  one  ball :  but  in  the  phaseolus 
coocinea,  the  elbow  is  not  more  completely  jointed  than  the 
knots  of  this  plant.  The  number  depends  ou  the  smaller 
stdks:  shooting  from  the  main  stem,  for  to  each  there  is  a 
ball  and  socket.  This  ball  turns  in  almost  every  directioui 
^nd  if  the  large  branch  is  cut,  it  will  show  it  perfectly.  I  have 
seen  as  far  as  four  balls,  and  the  ease  with  which  the  pedun- 
cles turn  will  prove,  thdtit  must  be  something  of  this  kind 

of  fgrmation  :  but  what  is  most  curious  in  this  contrivance  is. 

•  •  .  J.       '  ' 

no  sooner -does  the  plant  seed,  than  the  ball  decays — and  if 

*  From  what  we  know  already  of  the  chemical  analysis  of  vegetables  ^ 
it  is  bbyious,  that  ho  assistance  in  the  dasslficatfoa  of  plants  c^  be  de- ' 
rired/rom  this  source.    C,  \ 

it 
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it  does  not  destroy  the  stem,  this  will  contract,  and  wUI 
loBg  after  show  the  stockets  empty.— I  have  odded  a  figiire 
of  the  dissection  of  the  stem  taken  from  a  lar^^e  plant  of 
tlie  phat(eoUi!i  coccmea:  see  PL  IV,  6g.  I.  I  CQuld  mention 
many  more  proofs  of  curious  inward  structure,  but  shaU 
coutine  myself  to  the  dif&rent  formation  of  the  corolla, 
from  which  most  part  of  what  is  called  the  habit  of  a  plant 
proceeds.  There  are  various  species,  diversified  by  their 
(iitrerentybrma/ioit,  well  worth  a  letter  to  show  it,  and  as  1 
mean  in  my  next  to  give  a  complete  sketch  of  the  interior 
formation  of  corollas  in  general,  1  will  not  anticipate  the 
subject. 


IV. 

Remarks  on  (he  British  Species  of  Drosera,  By  Robert 
Lyall,  Surgeon^  Member  of  the  Royal  Physical  Society 
at  Edinburgh^  and  Corresponding  Member  of  the  Literary 
and  Philosophical  Society  at  Manchester.  Communicated 
by  the  Author. 

-ILN    consequence  of  the  contrary  opinions  of  celebrated  British  speclA 

botanists,  and    of  the  sliirht  variations  to  which  the  plants  ^^  .?'**^'*  ?** 

*'^_  well  Ascortfliiii^ 

are  liable,  much  ambigui^  has   been   induced   respecting  cd. 
our  indigenous  species   of  drosera.     It  is  the  object  of  the 
following   remarks,    to   show    by  definite    characters    what 
shoold  be  reckoned  distinct  British  species  of  this  genus  of 
plants. 

As  there  can  be  no  dispute,  with  regard  to  the  d.  totun^ 
difolia,  I  proceed  immediately  to  speak  of  the-  d.  longi* 
folia. 

Linneos   questioned  whether  the  d,  longifolia  was  a  dis- I'lnneu!!  ha^ 
tioct  species,  er  merely   a  variety   of  the  d.  rotund ifolia  ;-^i*J,j,^, ,,,11^^ 
and  Scopoli  states,  th|t  the  d.  rotund,  and  longif.  are  only  c^      t- 
varieties  of  the  same  plant,  and  that  he  has  varioua  specie  u  merely  a 
mens,  which  show  the  gradation  from  the  one  to  the  other.^^"*'^' 
Haller,  on   the  contrary,  will  notallou^  that  these  p's**^**  c6n»icf  *cl»r 
are  merely  varieties  :  indeed  he  considers  them  as  distinct  a  specltss  by 

species ;  * 


\jn6  BRITISIR  SFECf  «•  OF  VSOftEftl. 

»njl  many  Br!-  specieb*;  atid  bis  opinion  has  been  supported  in  Britain  by 

Hodi^on,    Li^Iitt<Kit,    \\*ithering»  Smith,  and   other  hota- 

Di$tp»  if  I  may  judge  from  the  itrranf^inent,  which  these 

Keasow  for     eelebrati'd  men  have  followed  in  their  diflferent  works.     A& 

«cc*diu«  fo     J  ^^^  concur  in  sentiment  with  Haller,  it  is  mv  duty  to 

this  OpUUIOD*  ,  I  .    1  ' 

mention  the  reasons  whurh  led  ine  to  adopt  his  opiniOOy  and 

therefore  I  bhall  now  present  a  stateiueiit  of  nvjr  obsenra- 

tionsa  which  was  drawn  up  on  the  17th  of  lasl  JoIy»  a  day 

on  which  I  ezaniiued  some  hundred  plants* 

K^mbefof  Of  120  plants  of  the  d,  rotundifo&ia  from  PaisWj  Moss^ 
flowers  on  tb« 

bcape  of  d.                           1  had  a  scape  which  bore  9  flowers 
uaunilifclb,  ^   3ji^^^ 

13  •..•. 4  ditto 

19  5  ditto 

17 6  ditto 

<i6 • *  7  ditto 

17  ••«.^.... .....ir  sditto 

IC gditto 

3  10  ditto 

4 - 11  ditto 

Of  tlie  same  number  of  plants  of  (I-  longifolia,  likewise 
from  Paisley  Moss, 

jB«!  of  d.  loa-  5  had  a  ^cape  which^ore  1  flower 

ft'^",^  90 oflowers 

^ ....•«  4  •  3  ditto 

28   •••...  4  ditto 

6 $  ditto 

1   •« ...••  gditto 


«»• 


120 

Now;  on  cpippsring  these  tsbles»  the  dii}«reuoe  in  the 
number  of  flowers  borne  by  the  d.  rotundifolia  and  }ongin 
folia  must  bo  obvious^  for  in  the  cypet  the  scape  for  the 
most  part  supported  from  4  to  9,  in  the  other*  ooly  froia 
3  to  4  flowers. 
V^tkrtsKtfi  in       I  sliall  in  the  next  place  notice  the  scape  and  leaves. 

^  •  S«c  Millw's  Dictionary. 

Fron^ 


/ 


From  ihc  scape  of  the  d.  rotund,  hems  more  slender, 
from  the  greater  dtjjfee  of  .curvature  which  the  racfme 
asHUinM,  from  the  f;reuter  iiumlwr  and  sniiiller  size  of  tltt 
flowers,  thun  nhut  is  obsftved  in  the  d.  loiii^ifoliii,  1  can  at 
0[ic<!  t«ll,  although  1  see  no  other  )iartof  the  plnat,  vihta 
the  scope  is  presirnted,  tA  which  of  t)te  spi^cies  it  bt'longii. 

Beside  the  differttKt;  of  sizeulid  form  in  llie  two  cpecin  j,' 
of  drow-ia  meotion^.   it   muy    he    reinHrked,  thut   in    the  >< 
TotunitiJ'olia  the  leavL's  in  geiierul  epresid  almiisl  horizontally, 
liul  ill  the  lopgiJUia  (lify  grow  nearly  erect :  in  the   former 


petiole  or  li^afstalk  i: 
■  ;  in  the  I utler  specie 
irriri>r  hire  auU  thtrr, 


rered  ail  over  with   long  whiti- 


lakeil,  . 


'oiiUdt^mblt;  (liatuiices. 

fidng  well  awari*  of  the  influence  of  soil  in  tnetumor- Thnr  il 
photing  plants,  1  questioned  whether  the  diliPereDces,  which  f""^"  "" 
]  luive  just  detuileil,  b|;t»(fn  the  d.  rotund,  and  long,  fluuice  i 
tni[,'lit  wot  be  pvoilui:ed  by  noii  alone.  On  reflection,  how- 
4'ver,  I  was  obliged  1»  lay  ujide  this  nation,  for  the  follow- 
ing rensons.  l»(.  In  White  Moss,  near  Munchetter,  and 
-ia  the  I'dibley  Musi,  I  h«ve  ofien  seen  the  two  siprci«« 
gi-fiuing  in  coniHct  with  each  other,  ^.  i  obserieil  the  d. 
niVTitf.  ill  TrulTord  Moss,  and  about  Keraal  Moor  {both 
near  Manchester)  in  very  moist  soil,  though  I  do  not  re- 
tfollecl  meeiing  with  a  single  pUiii  of  the  <J.  tovgi- 
folia.  3.  The  plmils  of  the  d.  longifolia,  which  bote  the 
fewest  flowcii<,  were  all  dwarlish ;  showing,  that,  as  the 
plant  diminished  in  si^c,  so  did  the  flowers  decrease  in 
numlier.  4th.  1  hii*e  never  been  able,  like  Scopoli,  to 
truce  the  gradation,  fr"m  the  one  species  to  the  other. 

However  nearly  allied  the  d.  rulvnil.  and  long,  rimy  seem 
Bt  tint  slight,  I  think,  froii)  the  reueoiis  iilMte  assigned  wc 
are  fully  authonzid,  (o  rvckon  them  niMinct  species: 
indeed  had  there  been  noothtr  difference  in  the  pisnis,  ex- 
cept in  the  shape  of  the  leave*,  we  might  be  justified  in 
founding  specific  characters  on  this  circuinstuiice  alone, 
according  to  the  Linnean  principles. 

The  fulloHing  specific   characters  are  sufficient   for    a  spetffic 
i^owm  Britamuea.  atteri. 

Drosera  rotnndifolia.    Foliia  orhiculatis. 

p.  longifuliu.    Foliis  oblongik. 


1QS 


BUtTtSH  SPECtKS  O^DROfttRA; 


iir^t  distin* 
i;uiiihed  by 
Hudikon. 


Considere<l  a 
spf*cie&  by 
Withering 
tad  Smith. 


Ke««»n8  for 
Drcua  tbivs. 


Number  of 


»A  well  as  that 
of  the  vjlves 
ef  the  ca(j« 


Only  two  Bri- 
l^»h.  :i],tecios. 


Koccllaof 


itay: 


•  -I  come  vtexi  to  treat  of' the  drtfsera  anglica.  Hodtott  I 
believe  was  the  first  who  s^are  this  species  its  trivial'  namet 
mud  who  assigned  the  specific  characters,  by  which  we  wera 
to  discriniitiate  it  from  the  d.  locgit'olia,  of  which  previooni 
to  his  time  it  was  onlv  reckoned  a  variety. 

Withering  and  Smith  seem  to  coincide  in  opinion  with 
Hudson,  for  in  their  works,  before  noticed^  they  hsve 
foHowexJ  his  arrangenvent*  It  is  therefore  unwillingly,  and 
with  due  deference  to  the  authority  of  such  superior  beta* 
nists,  that  i  venture  to  entertain  a  different  sentiment* 

Among  my  hist  years  notes,  I  find  tlie  following,  **  Is 
the  d^  an^;lica  a  distinct  species,  or  merely  a  variety  of  d. 
lon^ifoiia?  I  have  found  plants  corresponding  to  tb« 
description  of  the  d.  anglica  given  in  Smith*s  Flor,  Bri* 
tan.  &c.,  and  with  the  figure  of  Morrison  there  referred  tOy 
which  had  only  six  styles  and  a  three  valved  capsule.'* 
.  In  July  labt,  I  curried  home  a  number  of  plants  of  dro* 
sera*  some  of  which  agreed  with  Morrison^s  first  figure, 
aod  others  •  with  bis  secoud  figure,  of  plate  4tb,  in  size, 
al^ape,  &c. ;  and  when  I  examined  the  largest  plants  very 
particulai'ly,  1  discovered,  that  one  flower  had  six  styles^ 
and  another  uiiie,  though  they  belonged  tp  the  same  scape 
-^hat  two  flowers  from  another  scape  had  each  seven  styles, 
1— iiwhile  another  couple  from  a  third  scape  possessed  only 
siK  stvles  each.  The  styles  I  found  also  varied  as  to  nuin* 
ber  in  the  smaller  plants*. 

On  the  nniibrmity  of  the  valves  of  the  capsules  I  could 
place  no  dependance  ;  for  in  the  large  as  well  as  the  smaller 
plants  they  varied  from  three  to  four  in  number. 

Not  being  able  to  perceive  any  difference  in  the  other 
parts,  as  the  leaves  &c.  of  the  different  plants,  except  in 
si^e,  I  concluded,  that  what  has  been  denominated  ihedros^ 
atigiica  \ssvf{pl^  a  variety  of  drosera  longi  folia. 

If  my  couelubion  tben,  be  just,  it  follows,  that  we  have 
oi^y  two  British  species  of  drosera,  which  may  easily  be 
discriminated  by  the  characters  before  given. 

Kay*s  rdreHa  iotigifoiia  maxima  justly  belongs  to  d.  leogi- 
folia,  and  is  what  was  denominated  d.  anglica*     His  rareihi 

•  \- 

«  It  is  worth  noticing,  that  in  the  dioseia  rotundi^,  the  number  of 
styles  is,  lik<.A-ise,  subject  to  variaikn. 

..v.    1  rotundi/oluk 
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rot^md\folim  perennis  aod  iongifoiia  perennis  have,  1  am  in* 
clioed  to  believe,  been  properly  placed  by  Soiithy  Miller, 
&c«  under  droaera  rotundifolia  and  Itrngifolw ;  although  I 
lind  myself  unnble  to  account  for  the  stuteinent  given  in  his 
work»  by  WiUiadU  that  some  of  the  plants  were  annual,, 
and  others  perennial.     Is  there  no  mistake  in  this  account  I 

P*  S.  Since  I  finished  these  observations,  I  have  procured  Dr  SnUH 
Dr-  Smith's  small    but   excellent  Compeniinm  Florae  Bri^  questionf  the 
tannica;  and  find  that,  after  describing  the  d.  anglica,  the  b«ing  a  spH- 
Dr.  adds,    **  Anne  varieias  f^  which  pluinly  bhows,  that  he  ^^*^' 
entertained  some  suspicions,  as  to  its  being  a  distinct  spe~ 
des.     I  hope  my  former  remarks  will  afford  sufficient  an* 
swer  to  the  question* 

N.  B«  It  is  proper  to  add,  that  many  of  my  experiments 
regarding  the  irritability  of  the  drosera,  related  in  vol. 
XXIV,  p.  ^li\3  &c.,  of  your  Journal,  were  made  upon  the 
droscra  anglica  formerly  so  called. 


•    .t... 


V. 

Remarks  on  the  Expansion  and  dosing  of  I  he  Flowers  of  the 
PaMniJtora  cctrulca^  or  Passion^Flower.     By  the  same, 

^OMC  very  curious  and  interesting  phenomena  present  ^, 
1  1  /         I  i_ia  n    ^  -r,        Phenomena  of 

themselves,  from  the  time  that  the  flowers  of  the  passintni  the  pa»9ioa 

coerulea,  (passion-flower)  begin  to  open,  till  the  period  at  ^^•r- 

which  they  completely  close.     As  I  have  nowhere  met  with. 

a  description  of  these  phenomena,  I  have  been  induced  to 

communicate  a  few  observations  relative  to  the  subjects 

Before  entering  upon  the  immediate  topic  of  this  paperj|^-  ^- 

I  may  remark,  that  the  corolla  of  the  passiflora  ccerulea  con^  it  open$. 

tiats  of  five  petals,  and  that  the  cafyx  is  formed   by  five 

leaves,  all  of  them  terminated  by  crooked  spines,  which  re« 

main  in  contact,  during  the  infantile  state  of  the  flower,  or 

iTideed  till  the  flower  is  ready  to  burst.     On  the  day  ihat 

the  flower  is  to  open,  all  the  divisions  of  the  calj/fx  begin  cjcpanding. 

either  to  part  at  once  or  alternately,  and  afterward  expand 

considerably;  when  the  petals  of  the  coro//<fl  separate  in  i^ 

longitudinal 
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Changes  ia 


bn^tiiclinol  direction  about  tbetr  middlev  and  torn  iRv 
diiien);H^e  themselves  at  their  apieen  and  spriog  smUcilf 
backward ;  with  the  tacvnite  or  diriffioiiB  of  the  cmij^  ■cfcm 
panyin^  them.  Sometimes  a  number  of  petala  dfteagii^ 
themselves  and  expand  at  ouce,  at  other  times  tbey  |Muceid 
re^uhirly  to  burst  open  on^  after  another. 

What  destffves  particular  notice  is  the  chsnge*  whidi  the 
stamens  and  phti's  under;^  from  the  opening  till  the  that' 
ting  of  the  flower, 
till*  sumcDs.  immediately  bvtore  the  flower  opens,  the  umiher»  prcMBt 
their  upper  surface,  w-hich  is  covered  with  yellow  psUem^  la» 
ward  t\w stigmata^  as  is  shown  in  plate  I V,  1^g»  3;  beingie* 
tained  iu  that  position  by  the  closed  petals.  Bat  when  the 
petals,  which  stand  opposite  to  their  respective  stameHi 
expand  suddeuly,  which  is  generally  the  case,  to  •  cmm- 
derable  de<(ree,  then  the  anthers^  turning  upon  the  top  sf 
t\mT  fifaments^  as  upon  an  axis,  appear  aa  in  fig.  3,  with 
their  yellow  surface  directed  toward  the  henvens:  and  fa i- 
ther,  as  the  petals  gradually  or  suddenly  expand  to  their 
full  extent,  so  do  the  anthers  become  inclined  downward, 
till  they  appear  as  in  fig.  4,  with  their  yellow  an rf ace  facing 
the  horixon.  Very  soon  after,  the  anthers,  turning  still 
upon  the  same  axis,  acquire  a  very  diflereot  uppeannce; 
for  what  was  formerly  their  upper  and  yellow  aurface,  no* 
becomes  directed  to  the  earth.  Lastly,  the  authers  perfona 
half  a  revolution  (by  means  ofu  slender  membranona  stiing, 
fkhich  attaches  them  to  the  filaments  described  hereafter) 
and  then  ap|)earsas  if  suspended  by  a  thread,  fixed  at  tfadr 
middle;  their  two  ends  pointing  horizontaUy,  as  in  fig.  d; 
whereas,  before  the  complete  expansion  happened,  one  end 
of  the  anthers  (see  fig.  4)  was  directed  almost  perpendi- 
cularly upward  and  the  other  downward.  The  filaments, 
soon  after  this  circumstance,  become  a  little  more  curved, 
and  the  anthers  retain  the  last  mentioned  position,  till  the 
time  at  which  the  flower  begins  to  shut,  (which  for  the  most 
part  happens  in  the  course  of  S3  or  i29  hours,)  when  it 
claims  the  attention  of  the  investigating  physiologist,  to 
observe  the  other  changes  of  situation,  which  the  stamens 
tindergo.  After  remaining  nearly  a  day  iu  the  state  repre* 
aented  by  fig*  5,  tlie  anthers^  by  another  semirevolution,  re* 
gain  nearly  the  same  position  as  in  fig.  4;  the  filaments 

then 
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then  are  intirelf  i>e€eftedf  «gre«iibly  to  the  view  of  them  in 
fiij^.  6.  The  upper  flurfiieex>r  the  anchers  now  t<  turneil  te« 
ward  the  colamaar  reeeptacle,  showD  at«  in  the  aaroe  ttgure* 
Very  often,  however,  the  antAern  remain  an  in  fisj;;*  5,  when 
the  filaments  become  rec<irved  and  approach  the  columnar 
receptacle* 

The  tttanenst  after  an'iiergtiin^  the  changes  describe^!,  ut 
last  are  surrounded  by  the  v'lostn^;  nectaries  (the  pistils 
fluffer  an  alteration  hereafter  to  be  notice<i) ;  the  nec*tarie« 
are  next  covered  by  the  petaU,  and  the  |>etal9  by  the  calyx.-* 
These  different  parts  soon  become  (laccid«  the  Hower  withers, 
dies  and  lailly  falls  off. 

Anterior  to,  or  directly  after  the  opening  of  the  flower, 
the  pttitils*  are  somewhat  erect,  as  tsexhibited  nt^^*  Q;  bnt  Chanre> in tli« 
during  the  day  they  gradually  decline  more  and  more,  till  P"^"*- 
their  stigmata  hang  among  the  anthers,  asut  fig.  5.  In  this 
state  they  continue  for  some  time,  and  afterward  either  pre* 
%ioy»  to,  or  during  the  closing  of  the  flower,  they  retire  by 
degrees,  from  among  the  anthers,  and  resume  their  pristliK* 
situation,  as  at  fig«  <£. 

To  see  the  pistils  in  the  different  aspects  noticed,  fresh 
flowers  only  muft  be  examined;  ftir  when  the  flower  fad€*s, 
the  corolla  and  calyx  cease  to  afford  support  to  the  flaccid 
styles,  which  consequently  fall  downward. 

I  have  referred  above  to  the  mode  of  connection  between  Mo4e  of  cou- 
the  anthers  and  filaments,  which  I  shall  now  proceed  to  ItreerTthran- 
describe.     The  anther  has  on  its  back  and  middle  part  two  thers  and  fila- 
small   elevations,  with  a  little  cavity  between  them,  from  "***'*** 
which  a  slender  and  very  elastic  membrane  or  ligament 
proceeds  to  be  attached  to  the  top  of  the  filament,  likewi?^e 
between  two  enTinences.    This  ligament,  from  its  elastic 
nature  and  length,  admits  of  motion  in  all  directions.     The 
anthers  may  be  made  to  |>erform  four  or  five  revolutions 
before  separating  from   the    filament;   for    the    ligarvent 
merely  becomes  twisted* — Hence  we  easily  conceive,  how 
the  anthers  perform  the  motions  already  spoken  of* 

*  T  agre^  with  tho^  who  refer  the  gonns  pa^fliflora  Co  tht  class  md 
order  priitao'lfia  trigynij,   nnd  ihoreforc  mcao  by  pta|ilt  what  Linnem 

oomiiiaied  stylci. 
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loipregnatioo.  tmpregnaiiam*  .  Eren  when  the  flower  first  opens,  the 
lathers  ara  burnt,  and  ibeir  surface  is  covered  with  pollen  ; 
but  I  imagine,  that  impregnation  is  not  accomplished,  till 
the  period  wheu  the  •tigmata  hang  among  the  anthers, 
which,  as  I  have  formerly  btatt'd,  happens  during  the 
anthesiSf  or  time  that  the  Aower  is  expanded.  If  this  be  the 
ca8e,^we  have  certainly  a  very  stHkiug  illustration  of  the 
manner,  in  which  the/i»/t/i  accommodate  themselves  to  the 
anthfrst  in  order  that  they  may  be  fecundated ;  and  conse- 
quently of  the  sexual  system^ 

ila^  plants  Many  disquisitions  have  been  instituted,  regarding  the 
voiition  of  plants  ;  some  admitting,  while  others  deny,  that 
they  are  capable  of  exerting  such  a  faculiy,  Ht:re  1  would 
wish  to  ask  the  abettors  and  opponents  of  both  hypotheses. 
If  the  passion-Jlowerf  while  performing  the  motions  de- 
scribed, docs  not  exhibit,  an  it  were,  a  design  to  accomplish 
certain  purposes  by  slow  but  regularly  continued  exer* 
tions — aud  of  course  an  eflbrt,  at  least,  aualosous  to  volition  ? 
At  present  I  leave  the  determination  of  the  question  to 
others.  Probably  at  a  future  period  I  may  recur  to  this 
subject. 


toiitioa* 


VI. 


On  the  Influence  of  Galvanic  Electridly  in  Metallic  Arhori'- 
zations:  by  C.J.  Theodore  dr  Grottuuss.* 


Ffccipitation    Sett,l»  A   HE  precipitation  of  metals  in  solution,  occasion- 
ofonemeial     ^  by  the  presence  of  certain  other  metals,  exhibits  such  a 
striking  analogy  to  the  chemical    efft^cts  of  galvanic  elec- 
tricity, that  we  cannot  avoid  the  idea  of  one  aud  the  same 
cause  in  all  these  phenomena. 
Formation  of       i^gt  s  y,  PI.  IV,  fi^.  7,  be  a  glass  tube  filled    with   aa 
trcQ.  aqudous  solution  of  acetate  of  lead  ;  and  z  a  piece  of  zinc, 

the  lower  end  of  which  is  immersed  in  the  solution,  and 
which  is  fastened  so  as  to  be  retained  at  the  top  of  the  tube. 
Suppose  the  ramifications  of   the    arbor    saturni   to    have 
((hown  to  be     reached  as  far  as  m,  I  shall  prove,  that  it  increases  by  the 

.•   Annales  deChimie,  toI.  LXIII,  p.  5, 

immediate 


^ 
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iltnnit>diate  itiperpo^ilion  of  t1i«  ffl^tullic    pnrticlM  on  the  by  addiiian- 
i tient ion ■  most  remote  from  (he  *inc.     Supposp  om  '<•  ^jii^'*  "*" 
lie  a  pjrtideDr  oxide  of  lend  In  the  lower  part  of  the  satu* 
tion,  not  vet  deromposed,  snd  very  near  the  ramilictitioDa  : 
the  ino  tient  the  iniitil.M,  \s  deposited  on  them,  itsosigeti,D, 
lit  coim'queiitly  set  I'rtv,  mnd  the  oxidation  of  the  2itic,  t,ai 

ie  goe»  no.     Now  It  remains  to  be  Icnowb,  Ut.  Questioot. 
vhether  tlii^  atom  of  oiii«en,  o,  be  itntaedUtety  seiied  by 
some  peculiar  Linpulae.thot  rarriea  itthruiij^h  the  Hqoid  from 
fl)  toi;  and,  Sndly,  hov*  it  is  transported  thither  nithoat 
any  appeariince  of  gm  :  or,  3dly,  vhat  becomei  of  it,  if  it 
be  not  moved  out  of  its  pluce.      ft  would  be  abiUrd  iO  sup-  Untenable 
pnw,  that  the  oxide  of  lend,  mo,  came  into  contact  with  the  •«ppo«^"'- 
linc,  z;  mid  lliat  theinetiil,  m,  uHer  having  yielded  to  it  it( 
oxigen,  o,  deveetided  from  z  to  m ;  since,  in  proportion  as 
the  iirliorization   liikea   pluce  in  such   a  narrow   tube,  the 
BUperior  part  of  the  liquid  no  longer  contains  any  lead,  but 
•cetate  of  line.     Yet.  as  it  would  he  easy  to  coocHi'f  «oin« 
kind  of  tliix  uiid  reflux,  or  to  invent  any  other  hypolheii-i, 
1  will  endeavour  (o  obviate  luch  iiipposttiont  by  a  deciaive 
experiment,  wilhoui  enteriit);  into  any  lediona  diacufston. 

If  B  tube,  a  h.  a*;.  S.  be  filled  with  a  «olution  of  muriate  EnpeTimeat. 
of  tin   (lilule^l  with  water ;  and  a  little  cylinder  of  line,  e, 
be  pUcpd  III  the  )i0tlom  of  the  tube  ;  the  Rrborication  will 
dioon  ret;ulur1y,  nf\eu  to  IIk  heiffht  of  an  inch  or  more,  if  the 
liquid  be  of  a  proper  density.     It  it  noi  till  af>er  these  Erst 
rudiment*   of  ait  arlHiriEatiOit  hni-e   taken  place,  that  the 
difTeieut  f>ranc1ie3,  crushed  by  their  own  weight,  fall  down, 
and    exhitiit  a   confnsed  heap   of    metallic    ramifiouiions. 
Tlie  tree  of  Diuna  loo  i^rows  very  re^nlarly  ffom  the  bottom  SUtet  tree. 
upHurds   but  this  lyminetry  i:i  eSHeiitial.  and  Iha  precipita- 
tion ufihe  metal  by  F0(>erpo«ition  issulTicienttoeatabliiih  two 
propo^iiions;  niimely,fir«t,n'hat beeomMof  iheoxi^en  of  tiie  pro|jiHiiinin 
uieltiltic  p(irti('le«,lhat  are  deposited  on  the  ettremiiies  ofthe  be  arnmrwi, 
tree  fiirthntt  from  the  T\ne?  and,  -2dly,  whul  beeunmof  the 
disoKiitenised  principle,  mt  (he  pluce  where  it  yields  ii»  oii- 
f^n  to  tne  iinc*?    These  (wo  queMtlons  offer  lh«mselve9  in 


•   *Ve»h»1l 'eep7cwii'l>,lhai.»1mo« 

Itoniiif  Ihe  dmoliid  nrnlui  It"  commn; 

ibiiBi  ihe  (iiieiwhioli  noiw  (Iu(»hIIi>(  c< 
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•li  similar  cm68»  and  not  alooe  in  th^  before  U8.    They  wbo 

^apposed  id  the  first  experinieoty  fig.  7>  that  the  <iisoxigen« 

Emmeoos       i>^  metal  was  coDveyed  iDstantaoeousIy  from  z  to  m,  or 

tupposiiioiis.    fi^m  i^e  top  do w award ;  must  oecessarily  admit,  that  in  the 

second  experiment  the  metal,  m,  after  having  ceded  its  oxi- 

gen,  0,  to  the  zinc,  x,  which  is  at  the  bottom,  must  have 

^    •    been  carried  from  o  toward  m,  that  is,  from  the  bottom  upr 

ward*  But  these  two  suppositions  are  diametrically  opposite 

to  each  other;  and,  besides^  each  is  repugnant  to  the  prime 

law  of  chemical  attraction,  according  to  which  the  sphere  of 

perceptible  affiuity  between  bodies  never  extends  beyond 

the  distance  of  apparent  contact.    The  absurdity  of  these 

.    hypotheses  therefore  is  enrident,  and  requires  no  farther  dis- 


•  *  ~ 


i  . 


cossion. 


Seeim  IL  There  is  anotlier  way  of  explaining  metallic 
arborizations,  more  plausible  indeed,  but  equally  false. 
Another  hy-    -   It  may  be  supposed,  that,  in  proportion  as  the  metallic 
^   ^"^  particles  of  the  solution  are  precipitated  on  the  zinc,  they 

^ire.rmed  up  successively  by  those,  that  proceed  to  be  de- 
posited on  it  in  their  turn,  to  cede  to  it  their  oxigen.  In 
this  case  the  first  stratum  of  metal  precipitated  must  be 

continually  removing  farther  from  that  which  acts  as  the 

'  precipitant;  and  all  the  various  changes  of  form  must  take 
place  solely  in  that  part  of  the  arborization,  which  imme- 
diately covers  the  latter  metal.  But  we  (ball  see  the  con- 
trary to  this  demonstrated  by  experiment.  If,  for  instance, 
the  extreme  ramificutions  of  the  tree  of  Saturn,  fig.  7,  have 
arrived  as  far  as  r,  make  a  markwUh  inkoppuMtv- tothibonthe 
outside  of  the  tube,  and  you  will  sooubce,  in  a  quarter  of  an 
hour's  attentive  observation,  fresh  ramifications  implant 
themselves  on  those  that  before  existed;  the  new  accretions 
will  advance  beyond  the  mark,  but  the  extremity  c,  cor- 
resiponding  to  it,  will  remain  tixod;  and  the  ramifications 
most  remote  from  the  zinc  will  be  continually  underi^oing 
changes  of  figure,  while  the  part  of  the  tree  between  the 
mark  and  the  zinc  will  not  experience  the  lead  change. 
The  hypothesis  alluded  to  therefore  la  untenable,  but  from 
the  observations  made  we  may  infer,  that,  when  a  stratum 

thefreth  particles  of  rctived  metal  proceed  to  att.irh  IheroselTes  atadjs- 
taoce  from  \\vi  zinc,  iliai  is  »t  the  last  extremiii.-s  uf  tlw:  ifborizatiou. 

of 


confuted  by 
experiment. 


trrEcr  op  oalvahisu  in  uetallig  i(iBoitizATtot(i. 

or  inelal  id  a  solution  is  once  drpoaiied  on  that,  «hidi  terttt 
«s  ii$  pfecipilaot,  it  remuioB  there  tmmovuble  during  the 
whole  time  of  the  esperiment;  and  that  the  new  inelall'C 
puriicka  procted  to  ptaut  themttlfes  od  those,  that  already 
existed,  lo  that  the  tirbarization  increatei  only  at  iti  ex- 


Seet.  HI.     This  principle  once  c«tab)iaked,    we  readily  S 
piTOfive,  how  the  mutual  atlraction  «f  the  two  metals,  V 
adJi^d  to  the  predouiioant  affinity  of  the  one  for  the  oxigen  it 
and  arid   nf  t!ie  other,  fnlly  explains,  in  raost  cases,  the  re- 
vival of  the  firEt  particles,  but  not  of  the  subsequent  ones; 
and  that  the  employment  of  all  these  forces  is  insufficient 
to  solve  the  two  principal  problems.    Still  they  have  another 
defence,  who  suppose  the  attraction  of  one  and  the  tame 
metal  sufficiently  intense,  to  act  the  principal  part  in  the 
precipjtstioo  of  metals  by  one  another.     They  nti^ht  say, 
thul,  HI  propurtioii  as  the  metal    in  solution  is  brought  to 
deposit  iiself  on  that  idrcady  precipitated,  the  oxrgen  of  the 
former  remains  diHioWed  in  the  liquid,  and  the  xinc  slov'y 
and  f^radually  lays  hold  of  It. 

Unfortunately  th«  following  experiment  itestroys  th«se  £ 
6ne  efforts  of  the  imaf^ination.     Fill  the  lube  ab,  fig.  9,  <« 
with  an  aqneous  solution  of  muriate  of  tin,  and  immerse  in 
it  the  line  cylinder  «:   in  the  space  of  half  an  hour  the    . 
cylinder  will  be  covered  with  a  Hue  tin  arborization.     Next 
se]MrBte  these  mmilieaiions  from  the  sine,  without  destroy' 
ing  them  ;  nhich  may  easily  be  done  by  dexterously  turn- 
ing the  little  cylinder:  and  let  them  sink  gently  as  for  ns  c, 
keeping  ihem  front  falling  qoite  to  the  bottom  by  givlu 
the  lube  a  proper  inclination.     It 
remain   immersed  in   the  liquid,  : 
the  apparatus  may  continue  hnui 
withnut  the  arborizHtioii  e  d  recei' 
nffditmn,  ihoiigh  it  is  surroundeiJ 
tin  in  ooloiion.     li'  you  hate  take 
water  gently  into  the  upper  part  of  the  tube,  po  that   it 
does  not  n\W  with  tlie  ivuriate  of  tin  occup}-in(!  the  lotver 
part  from  It  to  c,  the  zinc  may  remain  a  lotii;  while  in  tli« 
fr4ter,  witlioat  being  cotered  with  fresh   tamifications  of  tio. 
^JVqw  if  tlie  ultrai'iioD  ol'iKtiB  metal  were  tnfficicnl  to  aa«inii- 


intial,  that  the  z 
s  in  lig.  g.  In  this  state 
J,  days.  Bud  eren  weeks, 
ing  the  least  perceptible 
on  all  sides  by  oxide  of 
!  ptecauti'j 


I  i 


Ikt« 
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kUtlhtl  wkidb  it  ia  motion;  «iid  the  oxigen,  of  which  tt 
it  divftttdt  vcoMttnrd  in  tht  iiiiiitdy  to  he  gradually  con* 
Teyed  lo  the  iMtactfiitaDl  metal;  the  p«rticlea  of  tin  ought 
lo  CQ«ti»«^  to  be  depotited  en  c  d*  at  when  this  |>art  wa^ 
IB  oootaet  with  the  mc*    Bnt  at  do  effect  tukes  place, 
after  this  contact  is  broken  off,  this  hypothesis  it  as  an* 
fonii4ed  at  the  firecadiiBg. 
A  contact  of       This  timple  experiment  eWarly  demonstrates,  that  the 
netali  csien^   metal  in  solation  cannot  cantinne  to  depotit  itself  on  the 
'  extremitiet  of  the  arl>artza;tiou  €  d^  unless  this  coromani*- 

cates  at  some  point  with  the  metal  s,  which  acts  as  the  pre- 
which  excitet  cipitant*     But  it  it  well  knows*  that  such  a  contact  ol'  two 
axurrent  of     meCaU  is  tnfiicient,  to  give  ri^e  to  a  current  of  galvanic 
electricity ;  and  that  the  efieets  of  this  electricity  urc  iden- 
tical with  those  observed  in  the  precipitation  of  one  metal 
by  another :  here  then  we  Imve  one  proof*  that  this  pht> 
nomenon  depends  on  a  similar  cause.     The  following  ex- 
pcrimenia  fully  cooirm  this  conclnfiion. 
Farther  expe-     &tf«  IV.    I  filled  half  a  tube  six  inches  high,  and  a  little 
riments  to       more  than  a  quarter  of  an  inch  in  diameter*  with  a  cooceo- 
traled  solution  of  nilrate  of  copper.     Into  the  other  half 
I  ponred  very  gently  a  solution,  not  very'  denser  of  pure 
and  perfectly  neutnl  crystallized  nitrate  of  tulver.    With 
the  lalter  I  had  mixed  a  little  alcohol,  to  (|iiuiuish  its  spe^ 
cific  gravity  ;  and  thus  I  was  enabled  to  place  the  two  li- 
quids in  contaict  without  nvinghug  them.    That  in  tiie  lower 
part  of  the  tabe  was  of  a  tine  blue  colour;  that  aboic  was 
Arborizations   dear  and  colourless.     In  the  middle  of  ithe  latter*  that  is 
ef  silver  about  an  inch  and  half  down  the  tube,  1  placed  a  small 

cylinder  of  copper,  which  soon  began  to  precipitate  me- 
tallic silver  in  the-  form  of  very  delicate  and  Ene  garlands. 
These  chains  of  kilyer  flowers  gradually  approached  the 
blue  solution  of  copper*  and*  in  twenty-four  hours  after 
tipped  with  they  had  reached  it,  I  had  the  agreeable  surprise  to  see 
copper.  their  extremities  covered  with  particles  of  copper,  the  co- 

*  lour  of  which  was  perfectly  distinct,  so  that  they  could  not 
be  confounded  with  those  of  silver.  The  tree  of  Diann, 
which  in  this  experiment  appeared  to  have  been  tniuk- 
planted  into  the  garden  of  the  Uesperides,  acquired  in 
four  days  an  increatie  of  a  quarter  of  an  inch*  the  cH)1onr 

and 
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fiviilioofi  of  wliicli  were  ittiqiieslionably  those  of 


I     cojiper.     Tliisexpurimeiit  I  ffpeiiteH,  emjiloyiog  d 

derof  siiii:  insleail  ot  co|i)ii'r,  and  tlien  the  precipitiition 
of  ihe  coiijier  at  the  extremitiis  of  tlie  branches  of  »il»er 
wa!i  much  more  specdv- 

Uvfice  it  evidently  fallon!!,  I«t,  th&t  the  arborizution  of  Arbotintion  a 
metniB,  pretiiiitatet!  in  the  perffct  state  from  their  solvents,  "'P«fp^''"". 
IB  turnie<l  by  superpoailion  of  their  particles  on  one  iidother;  fcciod  b;  |il- 
iilly,  that,  siiice  neither  copper  nor  silver  has  of  Itself  the  ""'""■ 
powtfr  of  reviving  the  metal  contained  in  nitrate  of  coppet, 
these  two  inetuls  were  reiiUereJ  cnpnble  of  producing  this 
effect  only  in  virtue  of  a  current  of  gulvunic  electricity,  re» 
Bultiug  from  their  mutual  contact. 

Tlie   following  is  a  further   proof  of  the   truth  «f  this  Fwfher  praof,. 
induction.     Eslabliiih  n  comiuunlcution  between  a  pUle  of 
I'Dpper  and  ■  plute  of  »iWer,  both  well  polished,  by  one  of 
their  extremities,  and  iinmenie  the  other  two  entremities  ib 
>  solution  of  my  sidl  of  copper,  in  such  a  manner  that  there 
shall   le  the  space  of  an  inch  between  them.     After  leav- 
iDK  them  thus  four  and  twenty  hours,  the  silvtr  will  be  silTnenatrf 
distinctly  covereil  with  a  coat  of  copper,  and  the  other  me.  *''*■  «>?f*'- 
tul  will  be  oxided*.     To  render  lhi<i  etiect  ^till  more  evident, 
I  place  a  tewr  particle*  of  nitrate  or  sulphate  of  copper, 
slightly  moistened,  between  a  silver  coin   and  a  plate  of 
copper,  both  previously  well  cleaned  with  acid.     I  then  tie 
Eheni,  or  compress  them  together,  and  leave  them  for  a  few 
hours.     On  »eporatii»g  them,  the   silver  will   be   found  co- 
vered  with  a   ix>nt   of  metallic  copper,  vory  dit>tingiiiiihuble 
by  its  rulonr.     It  is  v  curious  fdct,  that  a  salt  with  anAnnnbro, 
earthy  or  alkaline  bu*e  may  be  f-mploved  instead  of  a  salt  ■I'^'line  salt 
.  ,        .       ,  .  ....  ,  ,         . ,     .between  (he 

of  copper;  but  in  this  case  it   is  obvious,   that  the  and  ofivo  mMalt 

v^he  suit  first  takes  o|)  a  lillle  of  the  copper,  and  then  depo-  *'"  wstrer. 

P.  *  Dr  WnUuton,  wlm  fint  observed  the  rheniical  aciion  of  two  tne-  ItilnalH««». 
■'lillic    pla-ci  immerii.'U  ininluiiom  of  ilifffrenl  inelilt,   suppoted,    thai  ury  itinilxi 
one  of  tlieiii  tniin  |ioit««  Ihe  proiieny  of  piecipiuilni  ihe  awul  In  lo-  i"'*' m  ""'^ 
■oluiiaii,  ia  onlir  thai  Ibc  otbtr  niifht  coat  ittelf  'kh  It  bIw  h»  neias  p°"(.'|,-°"(,|, 
of  1  con<l u cling  powtr.     Ths  eipcciniLr.1 1  hive  leUleil  however  provn,  by  iheoltief. 
lethal  lliii  is  not  a  nKcmtj  coaJiiion  i  unil  we  Duv  obuin  In  a  few  oii- 
i  ri:Tival  of  I'mF,  by  plicini;  the  sutt'haie  of  this  nutal  raobt- 
h  wawi  talitecn  a  pJate  uf  linc  ir.d  a  plate  ot  copper. 

sits 
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ttit  it  pn  the  silver.     It  follows  from  these  facts,  that  thf 

galvBDiC'  electricity  excited  by  the  pontact  of  two  metals  is 

loiBcieDl,  to  effjict  the  precipitation  of  a  metal  held  in  so- 

l|jtioi],  which  would  pot  hare  been  precipitated  by  either 

of  the  metals  taken  separately. 

The^ff^tha     S^d.y*     )t  now  iiemaiqs. to  solve  the  two  problems  in 

^Slnpof itioa     Sect.  L     perhaps  the  reader  will  have  already  remarked, 

<>(.wit0r.'         that  tbey  arte  pearly  the  same  as  present  themselves  in  the 

galvanic  decomposition  of  water,  and  that  they  may  be 

all  solved  on  the  same  principles..    On  this  account  I  think 

it  necessary  to  recapitulate  in  a  few  words  the  theory  I 

gave  of  the  latter  phenomenon  in  a  short  paper  in  the  Ann« 

de  Chim.  for  April,  I8O6.     I  first  proved,  that  water,  tr|i« 

Versed  by  a  current  of  galvanism^  becomes  oxigenized  at 

t])e  positive  pole,   and  hidroguretted  at  the  negative  pole. 

Though. the  contrary  has  been  presumed;   ah4  though  it 

has  been  said,  that  it  becomes  neither  oxigenized  nor  hidro- 

gorette^ ;    my  recent  experiments  appear  to  me  evidently 

to  copfirm  the  principle  I  hare  announced.     I  will  relate 

oply-twii. 

FfwA  that  the  ^  j^.^.Hidroguretted  sulphuret  of  barytes,  exposed  to  the 

im^LdT^th   •^^^'^^  of  the  pile,. affords  gradually  round  the  positive  pole 

positive,  and    an  abundant  quantity  of  a  white  precipitate,  which  has 

hidroguretted   jj]|  ^jje  characters  of  sulphate  of  barvtes;  while  the  liquid 
at  the  nega«      •'  .  .     * 

tivepole.         round  th^  negative  pole  becomes  evidently  clearer,  and  ulti- 
mately colourless. 

^.  If  the  galvauic  current  traverse  an  alkaline  solutioi| 

of  iudigo,    made  by  means   of  some  disoxigenizing  sub* 

stance,  immediately  there   is  formed  at   the  zinc  pole  a 

precipitate  of  a  fine  blue  colour,  which  is  capable  of  being 

completely  redissolved,  if  the  respective  places  of  the  two 

poles  be  chi^nged*. 

Watei,when       Sect.  Yh  Water  becomes  a  real' secondary  pile  while  it 

g«hraQized,be-  ej^periences  the  galvanic  action.     On  this  occasion  we  may 

oondary  pile,    recollect  the  remark  of  Volta,  that  a  piece  of  wet  paper, 

each  extremity  of  which  touches  one  of  the  poles  of  tho 

pile,  retains  for  some  minutes  the  charge  received,  even 

•  In  these  trialx  I  have  never  immerted  the  peles,  by  which  term  I 
xnean  the  conducting  wires,  more  thao  four  or  five  lines  below  ibecarface 
of  the  liquid. 

whew 
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when  it  is  no  lonj^r  in  contoct  with  the  appnratn«.    Pore 
wilier  in  a  curved  tube,  which  ha?  been  placed  in  the  ^t- 
vanic  cireiiit,  likFiviee  retains  for  u  ehort  lime  the  power 
of  contrHctine  the  iDiisdes  of  a  prepared  fro^,     I  ronceive  Mode  in 
therefore,  thHt  \t»  ^lijiiiic  dftoin  position  is  effected  in  the  "'i*^  '"'''^'i, 
'ti)ll(inin)(  way.     Let  us  snppo«e  a  thread  of  water  formed  ^ffrctei. 
of  three  iiite^rBat  parlieles,  fi^,  10,  each  composed  of  two 
atoms  of  oxij^er],  reprcstnted  hy  %,  and  one  of  hidrogcn, 
represented   by  i :    uiid  let  it  be  observed,  that  what  is  said 
of  thitt  (htvad  niuy  be  aftenvard  applied  to  any  quantity 
of  this  fluid.  .^  ..i 

'I'he luonteBt  a  galvanic  current  is  estubliehed,  the  electric  .  .1  -w 

jiolurity  tmuifesls  ilsi-U, between  the  elementary  pnrtieles  of 
tlie  water,  so  tliat  they  appear  to  be  the  coinplemeiit  of  the 
pile  in  at-tioii.  Now  since  the  oxigen  is  altmcted  by  the  + 
or  xinc  |iole,  and  hidrogen  hy  the  —  or  copper  pole,  we  are 
iiKtiirBlly  led  to  infer,  thut  each  of  the  two  principles  r^ 
(jnires,  at  the  instnnt  of  its  production,  an  elect rogalvanic 
state  opposite  to  the  poles  which  attracts  it;  snd  as  this 
reasoning  may  be  extended  to  all  tlie  particles  of  water  in 
the  direction  of  the  gnlvanic  curreot,  it  follows,  that,  if  we 
lake  tliein  two  hy  two,  the  homogeneal  principles  will  re- 
jiel  each  other,  and  the  heterogeneous  principles  attract 
each  other,  alternately*.  Thus  as  soon  as  the  osigen,  |, 
pa-iBCE  to  the  slate  of  elubtic  6uid  in  consequence  of  the 
.  tittruetion  of  the  pole  endued  with  vitreous  electricity,  its 
•  )iidro|;en  li,  by  virtue  of  this  electricity,  repels  its  sioiiliir  />', 
and  enters  into  combination  ivith  the  oxl^u,  %'-,  of  thead- 
t  jacent  purticle;  at  tliesauje  time  A',  being  repelled,  tmnsmits 
,ita  movement  to  the  homogeneous  atom,  A",  nudiise  If  unites 
with  the  osigen,  t  '1  oi  the  third  particle,  the  hidrogen  of 
,  which,  A",  must  tinally  assume  the  stute  of  gfis,  since  it 
is  in  immvdiiLie  contact  with  the  pole  charged  with  resiuous 
electricity.  In  the  whole  of  this  process,  it  appears,  (he 
.particles  uf  water  at  the  extreiniliea  of  the  conducting 
thread  are  ulonc  decompueed,  whde  the  iiiteriiiediate  ones 
reciprocally  change  their  cotupouent  principles  in  succet- 
&ion,  but  witiiout  altering  their  uuture.     This  theory  agrees 


*  The  Hca  nf  thn  pataritj,  aoalogrii 
UDCiriTe  dUliaguUhst  Lhc  axp Iniutia 


10  Ihil  which  exbl!  in  the  pile, 
1 1  hers  give  tmm  SI17  oihcr. 

completely 
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«^0ip1ctei3r  witk  thtfiiett,  wiiick  |irovcb«yend  question,  that 
di4  Vftttr  iMettinef  omi^niMd  at  the  positive  pole>  and  ht- 
dpefparttteil  at  th«  ae^tive :  for»  since  the  osigen  oF  the 
whalt  quantity  of  water  traversed .  by  the  galvanic  current 
tends  inoessaatlyt  to  proeeed  toward  the  pole  eofdued  with 
vitvtoos  eloetrioity  i  and  the  hidro^n  is  siroilnrly  effWcted 
vitb  rogand  to  th«  wire  charged  with  resinous  electricity ; 
itffideotly  follows,  that  the  water  must  become oxigenized 
at  thcMDC  pole,  and  hidroguretted  at  the  copper  pole. 
7bn»  coasts-        Smh  VII.    In  thif  theory  of  a  chemical   phenomenon 
hws  €f  ch«-    ^.^^  thing  is  conformable  to  that  law  of  affinity,  by  which 
micalsffinity.  thetadiosof  its  sphere  of  action  never  extends  beyond  the 
dittanoe  of  apparent  contact.      The  effects  of   this     at« 
tractive  power  however  may  become  sensible  at  a  distance, 
when  it  is  Iraasmitted  by  dissimiiar  particles ;  as  the  eHfects 
of  populsioo  may  be  by  the  transmission  of  the  corpuscular 
.  MtioQ  by  simihr  particles.    Elastic  bodies,  that  possess  a 
eartain  nobility  analogous  to  that  of  the  particles  of  a 
Kqllid,  afford  a  striking  example  of  a  transmitted  motiour 
u^^it^    whiobdoes  not  bacona  sensible,  till  It  has  reached  a'ccrtain 
sioci.io  in  mo-  diataiiae  from  the  point  of  its  origin.     If  a  ball  of  ivory, 
chaiijcf.  aospended  by  a  thread,  be  let  fall  against  a  row  of  similar 

balls»  suapeaded  in  the  same  manner,  and  in  contact  with 
aaoh  other,  the  impulse  given  to  the  first  wilt  be  imnsedi"- 
aiely  communicated  to  the  second,  from  which  it  will  be 
tranftmitted  to  the  third,  and  so  en  to  the  last  bull ;  which, 
receiving  the  motion,  and  having  nothing  to  communicate  it 
to,  will  fly  off  with  a  force  equal  to  the  primary  impulse* 
This  well  known  law  of  mechanics  may  be  happily  applied 
iu  ail  chemical  phenomena,  where  the  object  irto  explain  a 
force,  the  efll^t  of  which  is  become  sensible  at  a  distance. 
Thsftryof  the  SeeU  VIIL  The  theory  of  the  galvanic  decomposition 
pr^cipiutkm  of  water,  which  1  have  just  explained,  is  thafof  the  preei- 
•f  one  metal  pj^ti^n  ^  metals  by  one  another.  With  regard  to  the 
revival  of  the  first  particles  of  the  metal  held  in  solution,  i 
shall  offer  but  one  remark  in  the  next  section,  since  Ber- 
thollet  and  Vauquelin  have  already  tr^ted  the  subject  in 
such  a  superior  manner*  :  but  from  the  facts  and  reasonings 

*  Essay  on  Chemical  Sutics,  vol.  1 1^  p>  ^^1 3  *"<!  Annates  de  Clumie, 
Tol.  XXVUl. 

given 
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given  nbove,  it  is  imt><»sibl?  to  ilaubt.  that  ihe  eubarquent 

meuilic  urborixulton  ■■  i>witi»  to  up  vlectro^ilv&iiic  |ia1aritr, 

whiib   is  eitubliahed  betwt-en  the  tknientBry  |>arlicka  of     ' 

tholtquiil  cnmprised  belwern  ihe  prc^ipilunt  iiiclnl  and  the 

i'Ktr«uitlitft  of  tiiut  which  in  precipituled.     The  oxidation 

and  rei'ival  laanilVit  themselves  in  this  proma  nt  a  didlancc 

more  or  less  considerublv,  uiToidin^;  toihe  |>ragrr»i  of  the 

arborisation:  ■hili'iili  theiiiterniediute  ciimponent  particles 

of  the  liquid,  in  coimequeticeof  this  pulurity,  utiderga  a 

Rtutuil  exchange  of  tbt-ireU>njfniary  priiifiplea.     If  it  were  fl^hviliBSln 

Tequired  to  render  viublr  the  positive  rl#(-triciiy  of  the  pr^ 

cipitunt  inelul,  the  extremity  t  of  wliich.  llg.  ?■  mi^ht  be 

marie  to  commuiiicuti.-  with   a  sensible  (.'lecirometer;    it 

should  be  reniomhcrrtl,  tlintihis  i«  iinpo3Hiblr>,  beeaiise  the 

nieml  it  idinerH-d  in  the  liauid,  and  the  revival  ol  that  in 

the  solution  i»  effected  in  roaiequenci-  of  the  [;Hlvanie  rirde 

being  then  closrdi  so  ihut  it  is  in  the  iliiie  of  a  pilr,  the 

two  poles  of  which  commiininiie  by  menus  of  a  <.-Ondiieling 

aubstance.     1'he  fine  experiments  of  Volla  shnw.  that  the 

contact  of  two  meiuli  is  MifKi'icnl,  (o  excite  a  ctirrent  of 

electricity;    and   all    Diat  illnNlriouB   phitosopher    deman- 

Blrwted  with  plutes  \»  perfectly  apjilieable  in  thi«  ease  i«  the 

elementary  purticlcs  of  water.     It   is  sufficient  therefore, 

for  the  complete  solution  of  the  two  propositions  in  uiy  Arvt 

section,   to  conceive  the  iilea  of  an  electric  polarity  csta- 

blisht'd  between  tbfse  punicles  as  at^en  u»  they  are  uttracied 

by  polureleitiicity*. 

Sccl.  I\.  Alcohol  conliiining  any  nietallic  Bait,  its  ace- ^]^„^qI| 
tiite  of  lead  I'ur  initlaitce.  ponprfnily  oppt^es  the  preeipita- '"'i'""" 
lion  of  the  melul  that  is  held  iti  aolotioii,  whether  a  piece  of  ujia,'^|ik^  . 
tiBC  be  lef\  in  it.  ur  it  be  gnlvauiaed.  This  appeara  to  me  aqucuuk. 
lo  prove,  that  the  eWlectric  polarity  mHoifrsta  itself  betneen 
tha  Goroponent  particles  of  (he  wattr,  and  not  uf  iheeintfe, 
«i  i  waa  myself  iaclined  to  think  aome  time  n^.  At  pre- 
seat  I  am  of  opinion,  that  thr  precipiiant  melnl  aequires 
the  poiiiivc  state  by  conncl  with  the  osigei)  of  the  watrf. 
■cut  that  it  attracts  lliis  oxigeu  froin  beinjr  in  t)»e  opposite 

*  This  exptanion  aprnc'  to  n^s  veil  ad],itcd  lo  dciijniie  galtaaii' 
clwnciii. 

state; 
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'  ,  litate :  the  bidrogen  be'mg  ou  the  contrary  repelled,  because 

it  also  acquires  the  vitreous  eleclrity,  attracts  fur  the  'Same 
reasoa  the  ozigeo  of  the  metallic  oxide  held  in  solution  by 
,  the  acid  and  water ;  whence  it  follows,  that  the  metal,  being 

diFested  of  its  oxigen,  inu«t  reappear  in  its  perfect  lustre. 
Qmintity  of  ^  circumstance  not  to  be  forgotten  in  this  explanation,  bot 
•aloric  in  an  to  which  I  cannot  at  present  assign  its  just  \'a1ue,  is  the  vari- 
^ly  proporti-  ^^^  quantity  of  caloric  retained  by  metallic  oxides.  It 
onate  to  the  appears  probable  to  me,  that  this  quantity  is  in  the  inverac 
ykg  lAetaL  ^^^^  ^^  ^^  oxidahility  of  the  metal.  The  following  is  the 
manner  in  which  BerthoUet  expresses  himself  on  this  head 
in  his  excellent  Essay  on  Chemical  Statics,  vol.  II,  p.  383. 
Berthonet*^  *'  Oxigen  retains  a  larger  or  smaller  quantity  of  caloric  ia 
'^'B^l^  its  combination  with  metals,  as  well  us  in  those  it  forms  with 

other  substances.  On  this  depend  some  of  the  properties, 
that  distinguish  oxides  in  their  relation  to  combustible  sub- 
atances*  Those  of  gold,  silver,  and  mercury,  retain  a  great 
deal;  whenoe  their  compounds  with  ammonia  detonate 
either  by  a  slight  rise  of  temperature,  or  even  by  con* 
pression*  The  oxide  of  copper,  which  also  is  rendered 
capable  of  decomposing  ammonia  by  an  increase  of  tern- 
perature,  produces  however  no  detonation ;  which  shows, 
that  the  oxigen  in  it  is  much  more  deprived  of  calorie^ 
The  loide  of  silver  detonates  more  forcibly  than  that  of 
gold,  or  of  mercury ;  so  that  the  oxigen  appears  to  retata 
more  caloric  in  the  former,  than  in  the  latter." 

SiMstioned  bf      Brugnatelli,  whose  sagacity  is  generally  acknowledged, 
tra^oatelli.     objects  to  this  theory,  that  we  observe  no  evolution  of  caloric 
when  silver  is  revived  by  means  of  copper;  and  thence  he 
concludes  in  favour  of  his  own  theory  of   thermoxigen. 
Tliis  observation  appeared  to  me  so  decisive,  that  I  had  com- 
pletely adopted  the  opinion  of  Brugnatelli  in  this  respect. 
Xvolatioii  of  However,  reflecting  one  day  on  this  interesting  subject,  I  re- 
ways  iterc«p-    collected,  that  a  thermometer,  placed  under  a  receiver  in 
lible  I  ivhich  a  vacuum  isniade,  is  but  little  affected  by  the  cold 

produced  by  the  dilatation  of  the  air,  and  it  occurred  to  me, 
that  the  calonc,  which  is  extricated  in  the  precipitation  of 
one  metal  by  another,  may  be  so  quickly  absorbed  by  ,the 
aurroundtng  bodies,  as  not  te  become  sensible.  Hence  I  c^on- 
eeived,  that  its  dispersion  might  be  prevented  by  dimin|sh- 
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ing  the  bulk  of  these  bodies.     To  prove  tliis,  I   made  a  but  it  »  in  the 

saturated  solutiou  of  pure  oitrate  of  silver,  crysitallized  and  'f'^^'ya^of  «»*• 

«    •  t     .       I'     ••!    J  1      •  1     »•        I     •       ver  by  means 

perfectly  neutral,  in  di8tiilf*d  water;   and  with  this  solution  of  copper  in  m 

J  filled  a  very  thin  tube,  108  mill.  [4'25  inches]  long,  and  7  ibm  slender 
mill.  [2'75  lines]  in  diameter.  After  satisfying  roy8elf9 
that  the  solntion  occasioned  no  chancre  in  blue  paper,  I  let 
fall  to  the  bottom  of  the  tube  a  small  cylinder  of  well 
cleaned  copper,  14  mill*  [5*5  lines]  lon«;,  and  7  mill. 
[2*7o  lines]  in  diameter.  Immediately  the  cylinder  was 
covered  with  a  forest  of  Diana^s  trees,  and  on  touching  the 
corresponding  part  of  the  tube  the  heat  was  very  sensible. 
Haviu<;  substituted  a  zinc  instead  of  a  copper  cylinder  in 
another  experiment,  the  effect  was  much  more  considerable  ; 
and  what  appeared  to  me  very  singular  was,  that,  in  pro- 
portion as  the  bulk  of  the  silver  arborization  increased^  I  . 
was  obliged  to  move  my  fingers  towards  its  extremities,  to 
be  able  to  feel  the  heat.  These  experiments  appear  to  me 
to  prove,  that  the  quantity  of  caloric  evolved  in  the  preci- 
pitation of  metals  by  one  another  is  equal  to  the  difference 
that  exiots  between  the  caloric  that  was  contained  in  the 
oxide  of  the  metal  revived,  and  that  which  is  absorbed  by 
the  oxide  of  the  precipitant  entering  into  solution. 

Sect.  X.     It  only  remains  for  me  to  remove  two  difficol-fwo  objeeti* 
ties,  that  may  be  objected  to  the  preceding  theory,  which  ons  to  the  the. 
embraces  almost  all  the  chemical  effects  of  galvanic  eleetri-  ^^' 
city.  I  proceed  to  the  first. 

a.  It  has  been  observed,  that,  when  the  two  poles  arexhcist 
immersed  in  separate  glasses  filled  with  water,  no  gas  is 
evolved,  because  the  communication  necessary  for  the  dis- 
rharge  of  the  pile  is  interrupted.  To  remove  this  obstacle, 
we  have  only  to  immerse  two  fingers  of  the  same  hand  in 
the  two  glasses,  and  immediately  the  gasstfs  will  appear. 
Thisobservatipn  has  been  the  stumblingblock  of  all  theories,  answerci. 
as  it  was  highly  puzzling  to  explaiu,  1st,  what  became  of  the 
hidrogen  in  the  glass  in  which  the  zinc  pole  evolved  pure 
oxigen ;  and  2dly,  what  on  the  other  hand  became  of  the 
oxigen  in  the  glass  in  M'hich  the  copper  pole  equally  evolved 
pure  hidrogen.  A  little  sagacity,  and  a  clear  idea  of  the 
establishment  of  the  electrogalvanic  polarity  b«tween  the 
elementary  particles  of  water,  will  solve  thi^firs|  difficulty, 
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^  SO  far  ar  to  find  iu  it  a  new  confirmation  of  the  truth  of  the 

theory  here  given.  Let  us  first  tuke  the  ftiuaplest  case,  aud 
tuppoee,  thut  we  have  established  the  romnaunication  be* 
tweeii  the  two  glasses  of  water  by  means  of  a  piece  of  wet 
paper  or  linen.  It  is  evident,  that  in  this  case  the  water 
contaiued  in  these  two  subbtanoes  alone  produce*  the  com* 
niunicatioD ;  since  the  linen  and  paper,  when  thoroughly 
dry,  comport  themselves  as  nonconductors,  or  at  least  as 
badly  conducting  substances.  Thus  there  is  nothing  here 
to  perplex  us,  except  a  delusive  appearance ;  and  every 
thing  ought  to  go  oi\^  as  if  the  poles  were  ioimersed  in  a 
single  vessel  of  water.  Now  let  us  substitute  our  fingers 
instead  of  wet  paper,  and  consider,  that  all  the  muscular 
parts  of  an  animal  ar<;  impregnated  with  an  abundant 
quantity  of  aqueous  fluids,  the  elementary  principles  of 
which  are  equally  capable  of  acquiring  the  gmlvanlc  polarity, 
and  consequently  experiencing  the  same  successive  ez« 
change  as  those  of  the  water  contained  in  the  paper.  These 
considerations  are  sufficient  to  show,  that,  in  the  experi- 
ment  which  at  first  sight  appeared  incompatible  with  our 
theory,  every  thing  is  in  reality  conformable  to  it.  The 
property  of  almost  all  imperfect  conductors  impregnated 
with  moisture,  to  become  secondary  piles  when  they  are 
placed  in  the  circuit  of  the  secondary  pile  of  Volta,  proves 
the  real  existence  of  tlie  elect rogalvanic  polarity  betweeo 
the  particles  of  water :  but  what  evinces,  thkt  the  commu- 
nication between  the  water  in  the  two  glasses  is  established 
solely  by  the  aqueous liumours  with  which  our  organs  are 
impregnated,  is,  if  we  substitute  for  these  organs  a  dry 
substance,  though  a  good  conductor,  as  a  wire  of  gold  or 
platina,  the  dcvelopement  of  hidrogen  and  oxigen  both 
will  immediately  take  place  in  each  of  the  two  vessels. 

sd  objection  b.  The  second  and  much  inferior  difficulty  consists  in 
accounting  for  the  difference  perceived  between  the  decom- 
position of  water  produced  by  an  electric  machine,  and  that 
effected  by  the  pile.  In  the  first  the  two  principles  of  water, 
according  to  Dr.  Wollaston,  are  always  evolved  mixed  toge-» 
ther;  while  the  pile  separates  them  in  a  pure  state,  and  at 

an»«rrrd.        ^  distance  from  each  other.     The  reason  of  this  no  doubt 
is,  in  the  electromotive  apparatus  the  two   electric   fluids 
are  immediately  in  cootact,  whence  follows  ao  uninter- 
rupted 


EFFBCTe  OP  MAOMSttA  OK  UniC  ACID. 


1C5 


ruptpd  electric  polarity,  rapuble  of  ^eneratint;  a  similttr 
polarity  brtweeu  tlie  eleineDlsol*  water  ;  Khile  jii  all  rXtv- 
triciil  mvcbiues.  Btiii  uvvn  iu  tlie  Lrydeii  ptuul,  ihe  tw 
fiectricitits  ak  bIw.ijs  Mrparated  from  one  another  \ty  hu 
insuliitiu^  body,  aa  glass,  air>  renin,  j^r.  Iiiiuliiled  elec- 
tricity «twHys  act*  at  a  distiince,  And  i;lide«  with  great 
•wiftnesi  over  the  sHrface  of  rondiictrnK  bddies  :  tbe  ^U 
VBoic  Boid  on  the  contrary,  whicli  miglit  be  more  appro- 
priately termed  polMr  electricily,  acts  on  I  lie  Minic  snbilancea 
only  ulien  in  coulact,  uml  by  trunsforniio'^  iht.-in  into  secvn- 
dury  piles.  Thii  aiiiilngy  of  action  Mt  ■  distance  «ad  in  g 
contact  is  obtervcd  likewise  Iwtween  the  attntction  of  Ihe  *^ 
heavenly  bodit^  and  themiral  uflinily  ;  wliich  is  the  more  ni 
remariiablff.  os  there  is  no  iaconstbti'itcy  in  con»ideriti);  The 
light,  thut  procaeds  from  ihow  start  that  furoi  a  pu.t  of  the 
untter**.',  as  an  eflVct  of  eli-clricity. 

It  appear!  to  nae  probnble,  thnt,  in  ttie  galvanic  decom-  V 
poMtion  of  water,  eucli  of  the  two  component  principles  of  i(,''n™™''J2^ 
this  liquid  combines  ioliuiately  with  the  electtii-  fluid  oll^ii  ■  "  '  " 
that  pole,  by  which  it  in  aUracled;  hik)  lliot  lt«y  are  both  ''" 
converted  into  the  elastic  stDtc  la  couaercfiieacv  n(  thi«  Com- 
tiination.  [f  this  were  dt'iuonat rated,  the  h^ht  prodoced  He 
in  the  combagtion  of  hidrogen  gra*  would  also  beeitptained  I'*"",""  '"■'•"''- 
by  the  prompt  reuuion  of  the  two  elcelrie  fttiidt  »rt  free. 
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ObtfTvaiioni  on  the  E^ecHo/ilagnesin,  in  preLrntivg  *n  in- 
eicastd  Formation  t^  Uric  Acid;  loilh  lomt  lieniarlu  on 
the  Comp»»ition  of  Ihe  Urine.  Contm-unicated  b^  Mr, 
William  T.  BRAKbE,  F.K.S.,  tn  thr  Socirty  for  tke  Im- 
provemenl  of  jlnimul  C/icmiiln/,  and  iy  llifiit  to  the 
Royal  Society.* 

iViR.    Home'i   inqniries     into    the     fucctiona    of    thee 
■tomacb,  and  his  dlncovery  of  liquids  paiiing  from  the  csr-  " 

»A'jr;iljri  from  the  PhiJ.Tia'K.  fat  I8IO,  p.  i;6. 
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tv(H4ftlbypre-'di«c  portion  into  the  circulation  of  th*e  blood*,  led  htm  to 

Smatkmof    consider,  that  the  generality  of  calculous  complaints  might 

urkacid.         possibly  be  prevented  by  introducing  into  the  stooiach  toeh 

Aabstances,  as  are  capable  of  preventing  the  formation  of 

one  acid  ;  and  that  this  mode  of  treatment  would  have 

many  advantages  over  the  usual  method,  which  consists  ia 

attempting  to  dissolve  the  uric  acid  after  it  is  formed. 

Mignesia  tie  consulted  Mr*  Hatchett  on  the  substance  most  likely 

ttTD^'^     •  to  produce  this  effect,  and  asked  if  magnesia,  from  ita  inao- 

lability  in  water,  was  not  well  adapted  for  the  purpose,  a»  it 

would  remain  in  the  stomach,  until  it  should  combine  with 

any  acid,  or  be  carried  along  with  the  food  towards  the 

pylorus. 

Mr.  Hatchet  knew  of  nothing  more  likely  to  produce  the 
desired  effect ;  and  on  putting  this  theory  to  the  test  of  ex- 
periment, it  was  found  by  a  very  careful  examination  of 
MiKownby     the  nrine,  that  in  several  instances,  where  there  was  an  in- 
•xperbnce^      creased  formation  of  uric  acid,  raagneaia  diminished  it  in  a 
much  greater  degree,  than  had  been  effected  by  the  use, 
and  that  a  very  libera!  one,  of  the  alkalis,  in  the  same  patient. 
.    '  This  circumstance  led  Mr.  Home  to  wi»h  for  a  more  com- 
plete investigation  of  the  subject^  and  he  requested  me  to 
assist  him  in  the  prosecution  of  it.     Since  that  time  many 
opportunities  have  occurred  .  of  carrying  on  the  inquiry 
onsevMsloc-  ^**'^'''?*'*  attendance  on  patients,  labouring  under  calcnioqs 
caaions.  complaints. 

It  is  proposed  to  lay  the  results  of  our  joint  labours  he- 
fore  this  Society,  with  a  view  to  establi>h  a  fact  of  so  much 
importance  in  the  treatment  of  those  diseases. 

The  four  following  cases  include  the  principal  varieties 
of  the  disorder,  which  have  been  met  with,  and  are  therefore 
selected  from  among  many  others,  to  prevent  unnecessary 
repetitions.  In  each  of  them  the  urine  was  occasionally 
carefully  analysed. 
Jitcate*  Case  I.     A  gentleman,  sixty  years  of  age,  who  had  been 

in  the  habit  of  indulging  in  the  fre<?  use  of  acid  liquors, 
had  repeatedly  passed  small  calculi  composed  entirely  of 
uric  acid ;   his  urine,  immediately  after  being  vokled,  de- 

•  PhUoi.  Trans.  1808.  See  Journal,  tol.XX,  p.  S74,  and  XXr,  105. 

posited 
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posited  at  all  timea  a  considerable  f^vmntity  of  that  sub« 
stance,  tn  the  form  of  a  red  powdery  and  occasioDalljr  ia 
larger  crystals* 

Nine  drachios  of  subcarbooate  of  soda,  dissolved  in  wuter 
highly-  impregnated  with  carbonic  acid,  and  taken  in  the 
course  of  ihe  day  at  three  do^en,  appeared  to  have  no  effect 
whatever  on  the  form^iou  of  uric  acid  ;  the  red  sand  was   ' 
deposited  as  osuaU  ana  the  small  calculi  continued  to  form.    ' 

Oo  account  of  the  inefficacy  of  this  medicine,  he  was 
Mvised  to  try  the  vegetable  ulkali,  and  three  drachms  of 
subcarbonate  of  potash  dissolved  in  water,  slightly  im- 
pregnated with  carbonic  acid,  were  tukcn  at  similar  in<* 
tervaU. 

The  deposit  of  uric  acid  in  thcf  urine  was  now  somewhat 
diminiifhed ;  but  during  this  free  use  of  alkalis,  which  with 
little  interruption  was  persevered  in  for  more  than  a  year, 
the  small  calculi  still  continued  to  be  voided. 

The  magnesia  was  then  tried,  fifteen  groins  being  given 
three  times  a  day  in  an  ounce  and  half  of  infusion  of  gentian. 
In  a  week  the  uric  acid  was  found  to  have  diminshed  in 
quantity*  and  after  the  first  three  weeks  it  was  met  with  but 
occasionally.  The  use  of  the  magnesia  was  persevered  in 
for  three  months,  during  which  time  no  calculi  were  voided, 
and  there  was  no  material  deposit  in  the  urine. 

This  patient  was  extremely  subject  to  heartburn,  and  he; 
likewise  complained  of  a  sense  of  weight  and  uneasiness 
about  the  region  of  the  stomach,  both  of  which  symptoms 
have  disappeared. 

Cabell.  A  Gentleman,  about  40,  during  four  years  ^^^^1 
had  occasionally  voided  considerable  quantities  of  uric  acid, 
in  the  form  of  red  sand,  and  had  once  passed  a  small  cal- 
culus. He  took  carbonate  of  soda  dissolved  in  water  highly 
impregnated  with  carbonic  acid  for  inme  time;  to  which 
pure  potash  was  afterward  added:  but  with  little  effect. 
Recourse  was  then  had  to  magnesia,  twenty  grains  of 
which,  taken  night  and  morning,  for  six  weeks,  removed  all 
the  superabundant  uric  acid,  though  he  put  himself  under 
no  unusual  restraint  in  his  mode  of  li^ng. 

Case  III.     A  gentleman,  43  years  of  age,  after  taking  c^.^^. 
violent  exercise  on  horseback,  was  seized  witb  ^u  in  the 

nght 
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flight  kidney  and  avrter.  To  the  coors«  of  the  nighl  he 
pftfsed  a  Miialf  uric  calcalus.  Haying  bad  recoorsa  to  aodo 
water  with  little  beneiity  he  took  twenty  grains  of  magoaaio 
et ery  night.  Hit  urine  not  beiDg  quite  free  from  red  sand 
HI  the  coorve  of  three  weeks,  he  took  an  eqnal  dote  of  iitdg« 
nevia  every  montiog,and  in  a  month  after  thk  hit  ofioe  waa 
perfectly  healthy.  In  about  three  inontht  the  uric  acid 
again  made  itft  appearance  in  the  form  of  red  cryttallinc 
taudy  and  was  again  removed  by  the  use  of  the  mtgiiesia 
night  and  morning  for  three  weeks.  * 

L  Case  IV.     A  gentleman,  aged  56,  after  recovering  from  a 

aevere  fit  of  the  gout,  voided  constantly  a  large  quantity  of 
mucus  in  his  urine,  a  symptom  which  he  had  never  before 
noticed.  There  was  also,  occasionally,  abandance  of  red 
sand,  consisting  principally  of  uric  acid,  bat  he  had  never 
voided  a  calculus. 

His  stomach  was  uncommonly  weak,  he  was  often  afieeted 
with  heartburn,  and  an  almost  constant  pain  in  the  neigh* 
bonrhood  of  the  right  ktduey*  He  had  been  in  the  habit 
of  taking  tincture  of  bark,  and  other  spirittioat  medicioety 
from  a  belief,  that  the  pain  in  hit  right  tide  arose  frooi 
gout  in  the  stomach. 

He  bad  already  attempted  to  use  the  alkalis,  which  had 

produced  such  unpleasant  te nsations  is  the  stomach,  that 

he  could  not  be  prevailed  upon  to  try  them  again  in  any 

form. 

Under  thete  circumstances,  he  readily  acceded  to  a  new 

plan  of  treatment.  He  wus  directed  to  oroit  the  use  oftpi* 
rituout  medicines,  and  take  twenty  grains  of  magnesia, 
three  times  a  day,  in  water;  but  this  operating  too  power* 
fally  upon  the  bowels,  the  same  quantity  of  magnesia  wat 
taken  twice  a  day  only,  with  an  addition  of  five  drops  of 
laodanum  to  each  dose. 

Thit  plan  was  pursued  without  intermission  for  three 
weeks,  and  he  received  conf<idcrabIe  benefit,  at  far  as  con« 
ceroed  the  state  of  the  stomach,  aud  pain  in  the  region  of 
the  kidney.  The  urine,  which  was  examined  once  a  week» 
was  also,  on  the  whole  improved,  but  it  occasionally  de» 
posited  fr  very  copious  sediment,  consisting  of  uric  acklt 
with  a  variable  proportion  of  mucous  secretion. 

After 
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After  a  furEher  continuance  oY  the  use  of  the  magtieiiu  ("or 
three  weeks,  the  urine  was  often  much  iDaJcd  -uh  uric 
iicid  a[id  mucui ;  but  these  appearances,  which  before  (he 
use  of  the  magnesia  were  ccntiiant,  are  now  only  occasional, 
so  that  the  diiiposition  to  form  n  redundant  qunntitj'  of  uric 
acid  i«  much  diminished:  it  is  also  deserving  of  reraark, 
that  there  hus  not  been  the  slightest  symptom  of  gout  from 
the  time  of  the  last  attiick,  which  is  more  than  a  year  back, 
a  longer  interval  of  ease,  than  this  patient  hat  experienced 
for  the  last  six  years. 

He  h'.s  now  omitted  the  regular  use  of  the  magnesia,  but 
ou  perceiving  uny  unpleasant  sennalion  in  the  sturuach,  he 
returns  to  it  for  a.  week  or  ten  dnjs,  and  then  again  leaves  it 
ofT. 

From  the  preceding  cases  it  appears,  that  the  effects  ofKemwks. 
'inii^esiii  taken  into  the  stomach  are  in  many  respects  ilil'- 
ferent  fiom  those  produced  by  the  alkalis  in  those  patients 
ill  whom  there  is  a  dis[>osition  to  form  a  superabundant 
quantity  of  uric  acid. 

With  a  view  to  ascertain  their  comparative  effects  ou 
healthy  urine,  when  taken  under  the  same  circumstaaces, 
the  following  experiments  ivere  made. 

Erperimnt  I.     On  Soda. 
Two  drjchms  of  suhcBibonnte  of  soda  were  taken  on  an  Aciion  or »■*■ 
empty  stomach  at  nine  o'clock  in  the  morning,  dissolved  in  "'bjimcot 
three  ounces  of  water,  and  immediately  afterward  a  lurgeuufir. 

In  aix  minutes,  iibout  one  ounce  of  urine  was  voided ;  in 
twenty  miuliies  »ix  ounces  more;  und  afWr  two  hours,  • 
•ijiilar  quantity. 

The  tir.'t  portion  becume  very  turbid,  within  ten  niinntiv 
sficr  it  had  been  voided,  and  deposited  a  copiou-i  sedimem 
ofilie  pliosplmles,  in  con>eqner>cu  of  the  action  of  the  ulkali 
upon  llie  uiine.  It  sliglitly  restored  (he  blue  colour  to 
litmus  [>iiper  reddened  tvilli  vinegiir:  the  alkali  therefore 
vas  not  merely  tn  jtaflicient  quuntity  (o  saturate  (he  un- 
coinbincd  :ii.:iil  in  the  mine,  anil  conseqiicittly  to  throw 
,  down  the  plioaphnle?.  Lilt  it  was  in  eiceis,  anil  the  urine 
maa  voided  alkulinf. 

Vol.  XXVlll.  Feb.  lail.  K  "J  he 
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Thenrinc  voided  ai\er  twenty  minutes  also  deposited  a 
cloud  of  the  ph<^sphatefi ;  but  the  transparency  of  that 
voided  two  hours  after  the  alkali  had  been  taken  was  not 
disturbed. 

Here^  therefore,  the  effect  of  the  alkali  upon  the  urine 
was  at  its  niaxiinum,  probably  in  less  than  a  quarter  of  an 
hour  after  it  bad  been  taken  into  the  stouiach,  and  in  less 
thoo  two  hours,  the  whole  of  the  alkali  had  passed  off* 

Experiment  2.     On  Soda,  wiih  excess  of  Carbonic  Acid. 

Action  of  the,      The  same  quantity  of  soda,  dissolved  in  eight  ounces  of 
•opercarbo-      ^nter,  very  highly  impregnated   wiih    carbonic  acid,  was 
thenrinc.        taken  under    the   nme  dreumttances  us   in    the  former 
experiment,  and  the  urine  was  voided  at  nearly  similar  in- 
tervals* 

The  separation  of  the  phosphates  was  less  distinct,  and 
less  rapid.     In  two  hours  after  the  urine  had  been  voided, 

there  wasasmall  deposit,  composed  principally  of  phosphate  of 
lime ;  there  was  also  a  distinct  pellicle  on  the  surface,  con* 
aistingof  the  triple  phosphate  of  ammonia  aad  magnesia. 
This  appearance,  produced  by  the  escape  of  the  carbonic 
acid,  which  had  before  retained  the  amniouiaco^magoesian 
phosphate  in  solution,  and  which  now  occabions  its  deposi* 
tion  on  the  surface,  is  by  no  means  uncommon,  even  in  the 
urine  of  healthy  persons :  in  the  present  instance,  it  ap(>ears 
to  prove,  that  carbonic  acid  passes  off  from  the  stomach  by 
the  kldnies,  for  after  taking  the  alkalis  In  water  very  highly 
impregnated  with  it,  the  pellicle  is  uniformly  produced,  and 
is  also  much  more  abundant  and  distinct,  than  under  any 
other  circumstances. 
Fotash  siraihr  ^"  similar  experiments  with  potash,  the  results  were  in  all 
in  iu  action,  cases  as  similar  as  could  be  expected  in  researches  of  this 
natuie. 

Experiment  3.     On  Magnesia, 

Action  of  fflSK-      Magnesia  was  token  under  circumstances  similar  to  those 

npsiaonthe     of  the  soda  in  the  former  experiment:  in  the  quantity  of 

armc.  *  half  a  drachm,  it  produced  no  sensible  effect  upon  the  urine 

during   the  whole  day.      When  taken  iu   the  dose   of  a 

drachm 


EFFECTS  OF  UAGNCSIil  ON  UBIC  iCID. 

rfrorhm  at  nine  o'clock  in  the  morning,  the  urine  voided 
Qt  tneke  o'clock  became  slightly  turbid:  at  three  o'clock 
the  effect  of  the  inagneiiiu  was  at  its  maximum,  nnd  a  dis- 
tinct KepnrHtion  of  the  phos|ihates  took  place,  partly  in  th« 
form  of  u  iiiin,  which  when  examined  was  found  to  be  the 
triple  phoaplmie  of  ammonia  and  magnesia,  and  partly  in 
the  stale  of  a  white  powder,  consislii)|r  almost  entirely  of  the 
triple  phosphate  and  phosphale  of  lirae. 

The  efftct  of  large  doses  of  magnesia,  in  producing  a 
white  •tedimcnt  in  the  urine,  is  very  commonly  knowo,  and 
hns  been  erroneously  attributed  to  the  magnesia  pauiag  oft 
by  ihe  kidnies. 

These  experiments  show,  that  magneda,  even  iu  very 
large  doses,  neither  productis  so  rapid  an  effect  upon  the 
urine,  nor  ao  co|.iious  a  separation  of  the  phosphates,  as  the 
alkdlis :  on  thib  its  value  as  a  remedy  in  calculous  disorden 
Sei'ms  inaterinlly  to  depend. 

Eiperrmenl  4.     On  Limt. 

Two  ounces  of  lime  water,  taken  in  the  morning  upon  Actlonofllna 
an  empty  siomuch,  with  a  cup  of  milk  and  water,  produced  *"'  '^^  "">»- 
no  effect  whatever. 

A  pint  of  lime  water,  taken  at  four  intervals  of  an  hour 
each,  produced  a  slight  deposition  of  the  phosphatesat  the 
end  of  the  fifth  hour.  The  arine  voided  at  the  third  hour 
was  not  al  all  itffected  ;  at  the  fifth  hour,  the  effect  appear- 
ed nt  it?  height,  .but  was  not  nearly  so  distinct  as  from  small 
doses  of  soda,  notwithstanding  the  insoluble  compounds, 
which  lime  might  be  expected  to  form  with  the  adds  iu  the 
tnine. 

The  unpleasant  taste  of  lime  water,  the  quantity  ii) 
which  It  rfquires  to  be  taken,  on  account  of  the  small  pro- 
portion of  the  earth  which  is  held  in  solution,  and  the  un- 
certainty of  its  elfi;ct,  are  circumstances  which  Tender  it  of 
little  use,  excepting  in  some  very  rare  cases,  where  it  bus 
been  found  to  agree  particularly  well  with  the  stomach. 

The  efiect  of  carbonatevf  lime  upon  Ihe  urine  was   much  Action  «f 
less  distinct  than  that  of  lime  water  :  ut  times  it  produced  no '=''■'""" 
effwt.  but  when  taken  in  very  large  du 
tioB  of  the  phosphates  was  proHuciAt. 
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theory  liable 
lo  change 


Thet^« experiments  were  repeated  upon  three  different 
individottlK,  and  there  was  always  a  uDiformity  iirthe  results^ 

When  the  medicines  were  taken  some  hoars  after  f<XKl 
beings  received  into  the  stooaach,  their  effects  upon  the  urine 
were  retarded»  but  not  prevented. 

Tlie  effects  of  many  other  substances  upon  (he  urine 
were  examined  into  during  this  investigation ^  but  they 
varied  so  much  according  to  circamstances,  that  no  ^atis* 
factory  results  were  produced. 

As  it  is  found  in  the  foregoing  experinientSt  that  the 
effects  of  soda  on  the  urine  arre  modified  by  the  presence  of 
carbonic  acid,  the  following  experiment  was  made^  toascer^ 
tain,  whether  auy  sensible  effects  are  produced  by  that  acid 
on  healthy  urine. 

Twelve  ounces  of  water  very  highly  impregnated  with 
carbonic  acid  were  taken  upou  an  empty  stomach  at  nine 
o*clock  in  the  morning*  At  ten  oVIock  about  eight  ouncea 
of  urine  were  voided » which  had  a  natural  appearance;  but, 
when  compared  with  urine  voided  under  com  mem  circum- 
stanceS)  was  found  to  contain  a  superabundant  quantity  of 
carbonic  acid :  this  gas  was  copiously  given  off  when  the 
urine  was  gently  heated,  or  when  it  was  exposed  under  the 
exhausted  receiver  of  an  air  pump. 

In  a  patient  who  had  a  calculus  of  large  dimensions  ex« 
tracted  from  the  bladder,  composed  entirely  of  the  phos- 
phates, and  whose  stomach  did  not  admit  of  the  ui>e  of 
stronger  acids,  carbonic  acid  was  given  in  water ;  it  was 
found  peculiarly  grateful  to  the  stomach,  and  upon  examine- 
ing  the  urine  during  its  use,  the  phosphates  were  only  voided 
in  solution,  but  when  at  any  time  it  was  left  off,  they  were 
voided  in  the  form  of  white  sand. 


VIll. 

Qbservatiovs  awd  Experiments  on  the  Nature  of  Oximuriaiit' 
Acid^  and  its  relation  to  Muriatic  Acid,  6y  J«  Muerat« 
Lecturer  on  Cheinistry,  Edinburgh* 

To  Mr.*  NICHOLSON. 
SiB.  / 

JL  HE  theories  of  chemistry,   resting    on  evidence  not 
strictly  demonstrative,  are  liable  to  frequent  modification 

from 
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from  the  pragreat  nf  discover^-.     Opinions  however  more  OjilniaD*  of 
unexpecteJ  liuve  seldom  been  nnnounced  to  c>i<.-mi«t>>  ihnn  jj^^  mu'wiictf 
thMe  liitcly  adviiriced  bv  Mr.  Dnvy  with  regard  to  tlic  con-  osimurnlic 
itilutioii  oF  muriniic  Bud  oximuriatic  acids — that  the  latter  ^"^^ 
in  pot  u  compound  of  muriutic  Rcid  uiid  oxigen,  but  a  sim- 
ple mibatuDce,  and  thitt  the  former  is  &  compound  of  this 
■ubitunce  niih  hidrogen.     Tlie  more  general  principle  con- 
nected with  these  opinion t-^i hat  oximuriaticacidU,  li) 
gen,  an  acii<ifying  L-lcment,  which  forms  an  extensive 
of  analogous  compounds  with  inflammublcs  and  metals,  p, 
leads  tlill  more  directly  to  the  subk'ersion  of  the  established 
chemical  systems,  and  to  an  entire  revolution  in  tome  of  the 
most  important  doctrines  uf  the  science. 

Opinions  so  novel  and  important  claim  attention  ;  and 
this  is  not  less  due  to  them  from  the  authority  on  which  they 
are  advanced.     They  derive  too  an  additional  interest  from. 
their  vonnection  with  'a  part  of  chemical  theory  at  present 
involved  in  much  obscurity— the  relation  of  water  to  theanJi 
constitution  of  some  of  the  gusses,  and  more  particularly  ?^^ 
muriatic  acid  gas.      Having   been  favoured   some  lime  ago  lott 
by  Mr.  Davy  with  the  Memoir,  in  which  these  speculations  Jj 
arc  announced,  I  have  had   it  in  my  power  to  submit  to 
examination  the  evidence  on  which  they  are  supporled,  and 
til  prosecute  on  experimental  investigation  to  which  this  led. 
Some  account  of  the  results  of  these  researches  may  not  be 
unacceptable  to  your  chemical  readers;  and  to  Mr.  Davy, 
I  am  coiitident,  I  need  otTer  no  apology,  for  bringing  under 
review  a  question  of  such  interest,  and  at  the  same  timo  of 
such  a  nature,  that  when  tnrveyed  under  different  aspects  it 
may  su;;gest  rery  different  conclusions. 

The  cumman  phenomena,  with  regard  to  the  production  Thtor 
of  oxiinuriatic  acid,  and   iis  apparent  analysis,  admit  o^plx^i'oi 
explanation  equally  on  the  established  theory,  and  on  that  eiiiieithaiiT'. 
a<lviiiiced  by   Mr.  Duvy.     It  is  necessary  therefore  to  tokc 
notice  only  of  those,  which  are  more  peculiar;  and,  suppos- 
ing your  reader^acqitai.ited  with  Mr,  Davy's  memoir,  1  shall  Facts eonsTdet. 
confine  these  observations  to  the  facts,  which  he  haa  stated  ed»'  too»t&. 
a,f.,<,„»bl..ohi..pi„i™.  ^X",,^' 

Wheu  oximuriatic  .acid   cas  and  hidrogen  gas  are  mixed  ^         ' ,      . 

o  .       ,  ,  C«Bii»Hloa«f 

lu  nearly  equal  volumes,  thay  act  on  each  other,  and  are  en-  munaiic  acid 

tirely  '"  '"""  '^"       , 
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oximurbtie      tirely  converted  into  muriatic  acid  gas.     This  experiment 
ftddandbidm-  jj^^  Davy  regards  as  synthetic,  the  oxirouriatic  acid  and 
liidrogen  forming  he  supposes  the  muriatic  acid  by  the^r 
combination.     There  is  obviously  however  another  mode  of 
notdeciiivs;    accounting  for  the  result.     Regarding  oximurialic  acid  as 
a  compound  of  muriatic  acid  and  oxigen,  the  oxigen  may 
be  supposed  to  combine  with  the  hidrogen  and  form  water, 
while  the  muriatic  acid  remains  in  the  etabtic  state.    Mr. 
Davy  has  remarked  indeed,  that,  when   the  gasses  have 
been  rendered  as  dry  as  possible,  there  is  no  sensible  depo- 
sition of  water;  but  no  difficulty  attends  the  supposition^ 
that  this  may  arise  from  the  portion  of  water  which  is  formed 
being  retained  in  combination  with  the  acid  gas. 
orths  deeom-      Oximuriatic  acid  gas  decoipposes  sulphuretted  hidrogen, 
pbomted  hk>   •ulpbur  is  deposited, muriatic  acid  gas  is  produced,  and,  when 
drogen  by  oxU  the  passes  have  been  previously  dried,  the  condensation  Mr. 
mumtie  acid   p^yy  found  is  not  equal  to  ^^V*     This  decomposition,  in 
conformity  to  bis  hypothesis,  must  be  supposed  owing  to 
the  hidrogen  combining  with  the  oximuriatic   acid,   and 
forming  muriatic  acid.     According  to  the  common  theory 
the  results  must  be  ascribed  to  the  oxigen  of  the  oximuri-* 
-Stic  acid  combining  with  the  hidrogen  and  forming  water^ 
which  the  muriatic  4icid  holds  combined  with  it;  and  the 
experiment  presents  nothing  inconsistent  with  this  explana-> 
tion. 
•rttistofam-     Ammonia,  it  is  well  known,  is  decomposed  by  oximuri- 
nonUby  the   ^^^  j^^^j^^     jyi,.^  Davy  has  stated,  that,  in  making;  this  expe- 

riment,  he  has  found,  contrary  to  whut  has  been  asserted, 

that  there  is  no  sensible  production  of  water;  there  is  a 

condensation  of  nearly  the  whole  acid  and  alkaline  gassesi 

nitrogen   gas   rexnains,    and    dry   muriate   of  ammonia   is 

formed.     Thp  experiment  therefore  affords  no  evidence  of 

the  existence  of  oxigen  in  oximuriatic  acid,  but  neither  is  it 

inconsistent  with  that  hypothesis ;  for  the  water,  that,  in  con- 

foripity  to  it,  must  be  supposed  to  be  formed,  may  exist  in 

combination  v'itb  either  or  both  of  the  principles  of  the 

compound  salt. 

or  tbe  eases  Gay-Lussac  and  Thenard  have  proved,  it  is  remarked  by 

b  pro  li red       ^i**  I^<^^3*>  ^J  &  copious  collection  of  instances,  that,  in 

from  oximuri-  the  usual  cases  where  oxigen  is  procured  hom  oximuriatic 

^^'^  •"^^ ''  '        '  acid. 
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«ri(l.  Kilter  is  always  preieot,  and  muriatic  acid  ta  Tomieil ; 
H3  osimitriaiic  ucid,  he  adds,  is  roiivprted  into  murinlic 
And  ^as  by  cnmbinin^  vihh  liidro^en,  it  is  scarcely  possible 
iirniii  the  conctiiMon,  ihul  the  oxigtn  i*  deriveii  from  the 
deconi|>o!>ilton  of  water,  Sudi  facts  however  admit  tqaally 
>f  explHQation  on  tiie  an  p  posit  ion,  thul  ilie  oxigeii  is  derived 
TDin  thedecotDpOHitionorihcoxiiuiiriuiic  ncid,but  that  water 
s  necesHHry  to  aid  liiis  deL-om|Ki:iitioii  by  tht'  atlinity  it  exi?rta 
a  itie  ffiuri;itic  acid.  They  are  not  therefore  of  tiieniEelvee 
iior«  fsvounible  to  the  otii:  hypothesis  than  to  the  olhtr. 

When  murinlic  ucid  s;aB  is  acted  on  by  metals,  the  ucid  oithcanlonof 
disappears,  and  hidroji^o  gHS  is  produi-'i'd.  I" 'l**"^  "^"ses  J^* ''^*!'"' 
Mr.  Davy  suppose!!,  thut  the  muriatic  add  is  decomposedi 
}ximurimic  acid  combines  with  the  metul,  aod  itti  hidro- 
is  evolved,  and  accordio^ly  the  compounds  formed  are 
same  he  remarki  as  those  produced  by  the  direct  action 
ixi muriatic  acid  on  the  ^ame  metals.  But  this  explana- 
lioD  rests  on  the  previous  assumption  of  the  truth  of  the 
theory,  aud  the  pheuomeiiu  ure  equally  expluiued  by  sup- 
posing the  Uidrogen  to  be  derived  from  the  decomposition 
of  the  portion  of  water^combiued  with  lh«  acid  in  ils  gase- 
slatp,  the  enigen  of  this  water  combining  with  the  me- 
and  the  oxide  ihua  formed  uniting  with  the  real  acid.  ' 

t  true,  that  this  proiluction  of  hidro^eu  lakes  place  even 
when  the  muriatic  acid  gas  has  bteii  previously  exposed  to 
ilaoces  hanng  a  strong  attraction  to  water,  so  as  to 
i<!  it  to  its  drieidt  stute;  but  ihe  same  CKplnnaiiou  may 
F^till  be  given,  for  when  the  ucid  \»  in  tlii«  stiite  it  can  only 
be  affirmed,  that  a  portion  of  water  has  been  abstracted 
from  it,  not  that  the  whole  has  been  withdrawn.  As  th« 
water  is  removed  frrvm  tie  acid  gas.  the  affinity  hy  which 
the  remaining  quantity  is  retained  must  progressively  in- 
je  in  strenglh,  until  it  equal  or  esteed  that  of  the  aubr 
'  stancu  attracting  it',-wheu  of  coui'se  its  abstraction  must 
cease.  The  phenomena  then  afford  no  decisive  proof  of 
Mr,  Davy's  hypothesis,  for  before  the  explanation  fjiven  of 
them  in  conformity  to  that  hypothecs  c^n  he  received  as 
exclusively  just,  it  must  he  established  by  prior  and  indt^ 
pendent  evidence,  either  that  muriatic  acid  does  notconlaiti 
'.combined  wut«r,  or  thftt  it  is  a  I'otnpoaud  ol  uximuriitic  acid 
and  hidrogen.  If 
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ertheifubinty,  If  the  compoaods  formed  by  the  liction  of  ozimuriatic 
Mnf^onTcom-  '^"^  ^**  ^"  metals,  or  inflammables,  contaia  oxigen,  as  they 
pounilf  tbnned  must  on  the  common  hypothesis  of  the  constitution  of  that 

by  the  action  of  g^^jl^^  supposed  to  do,  indications  of  it  may  be  discovered 

«(xiinuriatic       .      ,  j  ,    .  .  . 

acid  ga^  onio-  lu  the  products  of  their  decomposition,  and  thus  evidence 

flamnubles.  ^gy  |j^  gained  of  the  existence  of  oxigen  in  that  acid« 
With  the  view  of  determining  this  Mr.  Davy  instituted  ae- 
veral  experiments.  From  the  substance  formed  for  exam* 
pie  by  the  action  of  oximuriatic  acid  gas  oa  tin,  he  endea- 
voured to  procure  oxide  of  tin  by  the  addition  of  ammonia; 
and  from  that  formed  by  the  action  of  the  same  acid  oo 
phosphorus,  he  endeavoured  by  a  similar  method  to  obtaio 
phosphoric  acid.  But  in  neither  case  was  the  experiment 
succesbful,  the  ammonia  remaining  in  the  combination,  and 
forming  products  possessed  of  very  singular  properties,  and 
in  particular  very  difficult  of  decomposition.  Still  it  may 
,  be  remarked  these  experiments  do  not  preclude  the  suppo-^ 
-  sition,  that  oxigen  may  have  existed  in  these  combinations; 
,  for,  as  the  compounds  were  not  decomposed,  it  cannot  be 
affirmed  precisely  what  is  their  composition.  They  afibrd 
it  is  true  no  proof,  that  oxigen  had  been  communicated 
from  the  oximuriatic  acid  ;  but  neither  do  they  give  any 
proof,  that  this  had  not  been  the  case.  They  may  be  com* 
pounds  of  the  oxigenated  metal  or  inflammable  with  muri- 
atic acid  and  ammonia;  and  the  difiiculty  of  decomposing 
them,  and  abstracting  the  acid  so  as  to  discover  this  oxi* 
genated  base,  may,  in  common  with  all  tlie  preceding  facts, 
be  ascribed  to  the  peculiar  relation  of  this  acid  to  water, 
the  absence  of  that  portion  of  it  necessary  to  the  constitu** 
tion  of  the  acid  gas  preventing  its  disengagement  from  the 
base,  precisely  in  the  same  manner  that  the  same  acid  can- 
not be  expelled  from  the  dry  muriate  of  potash  or  soda  by 
a  concrete  ocid,  unless  water  be  supplied. 
The  singular  There  is  one  fact,  which  Mr.  Davy  has  established,  cx- 
f»ct.  that  per-  tremelv  singular;  and  which  appears  more  conclusive  against 

fcclW  dry  char-    ,,,.,,.  .    *.         ...  ,     ? 

mal  will  not    the  hypothesis,  that  oximunatic  acid  is  a  compound  ot  mu- 

decompose  ox-  viatic  acid  and  oxigen.  If  charcoal,  freed  from  hidrogf»n  and 
cTy^^morein  moisture  by  intense  ignition  in  vacuo,  be  heated  even  to 
fivour  of  his  whiteness  in  oximuriatic  acid  gas,  it  produces  no  change  in 
hypothesis:      j^^     ^^^  j^  oximuriatic  acid  be  a  compound  of  oxigen  wiih 

muriatic 
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the  disappf^Brnnce  of 
uxigeo  froin  it,  but  by 
into  muTiatic  acid.     It 


hiuriatic  acid  ;  and  especiully  if,  according  to  the  common 
opinion,  (liii  oxigeii  is  Telsnicd  in  vambiiiution  witli  tht-  ucid 
by  ao  affinity  tt  m|iarjtively  neak  ;  cijurcoul  iiiiglit  be  sup- 
po-ed  capikbU'  of  ubstriLCling  it,  at  least  with  ai  much  futi- 
lity an  hidi'og(;D,  which  there  is  no  i«asD[i  to  believe  has  k 
stront^er  atlraclion  to  oxij^en.  On  tiie  common  hypothe&iH 
there  appears  no  cause  why  it  should  not  do  so;  and  the 
fact  sireniB  favoii''able  (o  the  theory,  that  hidrop;en  caiiees 
Bcid,  not  by  abstracting 
with  it.  and  convertinR  it 
I'itncni  accordingly,  Mr. 
Davy  has  nddeil,  which  "  led  me  lo  doubt  of  the  exist- 
CQce  of  oxigen  in  that  substance,  which  has  been  supposed 
to  contain  it  above  all  others  in  a  loo^e  and  active  i>t^e." 

I  may  first  remark  with  regard  to  ihiD  sini^ulur  fact,  thatbuivhr  doe^ 
it  presentii  an  anomaly  just  as  K''<'st  according  lo   ihe  new  "^/J"*  ^ine 
as  according;  to  the  old  hy|Kithesis.     Oximurialic  acid  is  withibitncv 
considered  in  the  former  as   a   principle   belonging  to  the",    v'."^, 
same  class  us  oxiLren,  which  like  it  exerts  powerful  attrac- 
tions to  inflammable  substances,  and  which  ia  not  inferior  in 
energy  of  action.     Why  thtrefore  should  it  not  tike  oxigeli 
combine  with  charcoal  ? 

But  further  it  appears  to  me,  that  a  solution  may  be  pcubably  t«- 

givcn  of  this  difficulty  ;  that  this  apparent  anomaly  is  con-  ^°"  '"*,'^^"'' 

netted  with  the  preceding  facts ;  and  that  the  theory  of  it  form  the 

is  to  be  derived  from  the  peculiar  relation  of  muriatic  acid  eswnilal 

,  ,     .    .         I  ,  .         .     .  .  ,   eoniUlullofi 

to  WH,t£V,     Admitting  that  n'ater   combines  intimately  with  the  murulie 

this  acidi  and  that  it  is  essential  to  its  tninsition  to  the  elas-  ■'^'''  <"• 

tic  form,  it  is  obvious,  that,  when  charcoal  is  heated  in 

oximuriatic  acid  gas,  although  it  tnight  attract  tlie  oxigen, 

and  combine  with  it,  there  is  nu  source  whence  the  portion 

of  water  essential  to  the  production  of  the  muriatic  acid 

gas  can  be  supplied  ;  the  absence  of  tliis  water  therefore 

preveutu  the  trantiition  to  the  etitte  of  luuriulic  acid,  and  of 

course  prevents  the  decomposition  of  the  oximuriatic  acid, 

and  the  conse({ucnt  o>igenatian  of  tJie  charcoal.     It  is  pos-  an'l  p>->1)int 

wble  even  that  this  may  be  aided  by  a  similar  necessity,  ?''' 

though  to  A  less  extent,  of  the  presence  of  water  to  the 

coDBtitutioD  of  carbonic  acid ;  as  there  are  facts,  which  ren- 

F  der  it  probable,  that  a  portion  of  couibinfil  fvater  exi;«ts  in 


the 


11  sua  |;4>. 
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this  gas;  and  is  necessary  to  its  tranhition  to  the  elastic  Tons. 
In  treating  charcoal  in  oxitnuriatic  acid  gas,  all  the  circum* 
stances  are  thus  uniavou ruble  to  the  ostigejfation ;  as  the 
products  of  this*  the  muriutic  acid,  and  the  carbonic  ^cid, 
both  require  water  to  their  conbtitution,  ivhile  there  is  no 
Want  of  what  source  whence  it  can  be  supplied.     There  is  another  prin* 
Mcallftl^     ciple,  which  also  probably  operates  in  giving  rise  to  this 
probably  too     apparent  anomaly.'    When  a  metal  is' placed  in  oximuriatic 
operates  in  this  ^^^  g^^  j^g  oxigenation  is  probably  tiie  result  of  that  un- 
gular  kind  of    chemical  action  named  disposing    affinityt 
being  promoted,  according  to  the  language  usually  em- 
ployed to  express  this,  by  the  affinity  of  the  muriatic  acid 
to  the  metal  in  its  oxidated  state.     The  combination  of  hi- 
drogen  with  the  oxigen  of  oximuriatic  acid  is  in  conformity 
to  the  same  law  probably  promoted  by  the  attraction  of 
muriatic  acid  to  water.     But  this  cause  does  not  operate 
when  chaf-coal  is  heated  in  oximuriatic  acid  gas»  for  there 
is  no  sensible,  or  at  least  no  forcible  attraction  exerted  foct- 
tween  muriatic  acid  and  the  product  of  thu  oxigenation  of 
charcoal,  whether  it  be  carbonic  oxide  or  carbonic  acid. 
Hence  too  charcoal  is  not  acted  on  by  liquid  munatic  add, 
while  metals  are  oxidated  and  dii>solved  by  it. 
Thii  anomaly       Of  ^>is  phenomenon  therefore,  apparently  so  singular, 
******* ^^f     *"  explanation,  which  I  conceive  is  satisfactory,  may  be 
on  Mr.  Daly's  given,  while  it  remains  an  unonialy  on  the  opposite  theory ; 
hypothesis.       fQ|.^  oi,  the  assuuiptioii  that  oxinmiiatic  acid  is  an  acidify- 
ing principle  having  a  strong  attraction    to   inflammable 
bodies,  no  cause  is  assigned,  why  it  should  not  combine 
with  charcoal,  as  well  as  with  hidrogen,  or  with  metals. 
Ths  question        It  will  probably  now  be  apparent,  that  all  these  facts  are 

IS  therefore,     connected  with  the  ijjneral  question,  whether  water  com- 
whether  water     ...  ..... 

be  essrnttal  to  bines  intimately  with  muriatic  acid,  and  is  essential  to  its 

the  consiitu-    constitution  in  the  elastic  state.     On  the  assumption  that 
tion  of  muria-        .      .  .  ^    *^ 

fk^cidg.is.      this  is  tnie,  they  aie  capable  of  being  explained  by  the 

common  theory  of  the  relation   between  muriatic  ajid  oxi- 

muriatic  acid ;  on  the  denial  of  this  proposition,  the  theory 

Mr.  Davy  has  proposed  affords  another  mode  in  whi<  h  they 

are  accounted  for.     But  neither  of  these  hypotheses  (for  aa 

such  only  can  they  be  regarded)  is  established  by  these  facta 

to 


ON  TBE  MATURE  OF  OXIMOftlATlC  ACID.  |gg 

to  the  exclusion  oftbeotlicr*  and  both,  therefore,  atasd  pre- 
cisely on  equal  grounds. 

Comparing  them  for  a  moment  under  this  poiut  of  view^  Unity  and  tim- 
the  uniy  and  Hmpllcity  of  the  common  theory  are  mtfch  in  pl*^*T  of  U»* 
its  favour.  There  is  some  improbahility  in  the  hypothesis  ij^i^., 
of  two  acidifying  principles  distinct  from  each  other,  but 
exerting  similar  chemical  agencies.  The  explanations  which 
this  involves  of  the  combinations  of  these  principles  with  in* 
flammables  and  metals,  and  of  the  relation  of  water  to  them^ 
iire  extremely  complicated;  while  on  the  more  simple 
system  opposed  to  this,  nothing  more  is  required  than  the 
assumption,  if  not  proved,  at  least  not  improbable,  of  the 
existence  of  a  portion  of  combined  water  in  muriatic  aci4 
gas.  And  instead  of  any  generalization,  there  is  in  the  for« 
ination  of  the  hypothesis,  that  oximuriatic  acid  is  an  acidi* 
fying  principle,  an  evident  adaptation  to  the  phenomena 
peculiarly  related  to  this  question ;  since  it  doe^  not  appear^ 
that  this  principle  enters  into  the  composition  of  any  acid 
but  the  muriatic,  or  gives  rise  to  acidity  injcombiuing  with 
any  substance  hut  hidrogen . 

Instead  of  leaving  the  subjef^,  however,  on  tliese  general  Modes  of  d«» 
grounds,  it  were  desirable  to  gain  more  conclusive  evideuce*  elding  th« 
There  are  two  modes  of  proof,  by  which  the  questioo  may  ^ 
.  be  determined.     Either  it  may  be  shown,  that  muriatic  aci4 
does,  or  does  not  contain  combined  water;  or  it  may  be 
proved,  that  oxigen  does  or  does  not  exist  in  oximuriatiir 
acid.     It  is  only  necessary,  that  the  fafls,  oo  which  the  con- 
clusion with  regard  to  these  propo-  tious  is  to  rest,  should 
not  be  capable  of  being  accounted  for  by  the  one  hypothe&is 
as  well  ab  by  the  other;  and  to  attain  this  is  extremely  dif- 
ficult from  the  facility  with  which  both  can  be  adapted  to 
%he  phenomena.  • 

Thus  no  proof  would  appear  at  first  view  more  decisive  Argument 
of  the  existence  of  combined  water  in  muriatic  acid  gas,  and  .    "^  water  bo- 
the  necessity  of  this  to  the  transition  of  the  acid  to  the  elastic  to  the  dc-com- 
form,  than  that  afforded  by  the  fact  established  by  the  ex-  P^*".'^"  "^ » 
penoients  both  of  Gay*Lussac  and  Ihenard,  and  of  Mr.  acUl  incondif- 
Davy — that  if  a  dry  muriate,  muriate  of  potash  for  ex- '*^®' 
{imple,  be  heated  with  a  concrete  acid,  as  the  phosphoric  or 
boracicj  it  is  not  decomposed,  nor  is  any  muriatic  acid  gai 

disen* 
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disenppigfed :  but  if  a  little  water  be  added,  very  abundant 
vapours  of  the  acid  immediately -arise.    The  obvious  con* 
elusion  fVom  this  is,  that  water  is  emential  to  the  constfta- 
tion  of  the  muriatic  arid  g^as.  Yet  this  is  avoided  by  suppos- 
ing in  eonformity   to  Mr.    Davy  s   hypothesis,    that    dry 
muriate  of  potash  is  not  a  compound  of  muriatic  acid  and 
potash,  but  of  oximuriatic  acid  and  potassium ;  and  farther 
supposing,  that  the  water  added  is  decomposed,  its  hU 
drogeu  combining  with  the  oximuriatic  acid,  and  convert* 
ing  it  into  muriatic  acid,  and  it?  oxigen  changing   the 
•  potassi u  m  into  potash, 
ladiitot  arfu  •      There  are  some  indirect  considerations,  however,  from 
5!?.i!?*Li*    which  the  existence  of  combined  water  in  muriatic  acid  saa 
iiater  in  tha     may  be  inferred,  or  which  at  least  give  probability  to  tnch  a 
4nMt  muriuic  .upposition. .  Thus  it  is  obvious  from  the  facility  with  which 
this  acid  when  in  the  gaseous  state  is  condensed  by  water^ 
and  from  the  large  quantity  of  it  that  is  absorbed,  that  an 
affinity  of  considerable  strength  exids  between  them.    la 
consequence  of  this  afflnity  the  acid  in  its  gaseous  state' 
must  retain  a  portion  of  water  combined  with  it;  and  from 
the  law   of  chemical  attraction  so  well  established,  thai 
quantity  adds  to  its  force,  it  follows,  that  this  water  will  h^ 

m 

retained  in  combination  with  a  strength  of  attraction  prt« 

gressively  increasing  as  it  is  abstracted ;  and  that  a  portioa, 

therefore,   must   probably  remain,  in  th^  driest  state  ta 

which  muriatic  acid  gas  can  be  brought. 

Tliep(oKa«  The  supposition,  that  muriatic  acid  contains  combined 

^Uiyofihis     vater,  and   that  this  is   essential   to  its  ^seous  state,  it 

iy  tb€  walojj  rendered  more  probable  by  this  influence  of  the  combination 

^carbonic       of  water  being  established   with   regard  to  other  elastic 

fluids,  where  there  is  not  the  same  ambiguity.     Carbonic 

acid  cannot  be  easily  expelled  by  heat,  or  even  by  the 

action  of  an  acid,  from  native  carbonate  of  barytes;  while  it 

IS  expelled  from    the   artificial   carbonate    with    facility; 

though  the  only  difference  between  the  carbonate  in  these 

forms  is,  that  in  the  one  it  contains  a  portion  of  water,  and 

iu  the  other  it  appears  to  contain  none.     And  accordinglyi 

If  water  be  applied  to  the  native  carbonate,  it  favours  its 

decomposition,  and  the  expulsion  of  the  carbonic  acid.    In 

this  case  ia  clearly  established  the  influence  of  water  with 

regard 
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irrgnrd  locarlioiiicscid,  and  its  truiisition  to  theelutic  stiitt;| 
M)d  tliig  uunnoC  be  explained  by  any  hyijolheais  >iiniliir  to 
thatt  by  which  the  analogous  influence  of  water  with  regard 
I  tomuriutic  acid  is  attempted  to  be  explained.  It  reiidera 
more  piobuble,  therelwre,  the  explanation  in  conformity  to 
the  common  theory  witli  rt^gard  to  this  acid  inferred  from 
iiniilar  facts.     It  may  be  iidded,  ttiutthe  affinity  of  racriatic 

I  odd  lo  water  being  evidently  stron^jer  tlmn  that  of  carbonic 
•cid,  itie  former  in  its  gaseous  state  aiay  be   presumed  to 
retain  a  larger  quantity  combined  nitlt  it  than  the  lutter. 
The  other  mode  of  proof,  whence  (his  question  may  be  ProoFof  lK«e«- 
deiermiuedi  is  that  relating  lo  the  existence  of  oxi^n  in  '■■""<:•  of  oxi. 
oxiumriatic  acid.     The  facta  from  which  thJH  hai  usually  tr^iic  acia  t«<I 
been  inferred,  either  by  the  apparent  formatiaii  or  decotnpo-  ""'''   ''^'""■ 
dition   of  the  acid,  it  has  already   been    reroarkcd   are  am. 
I    biguous  .as   they  admit   equally   of  esplanaiion  on  Mr< 
'    Davy's  hypotheeiH.     The  objea  a  lo  obtain  proof  not  liable 
^  to  this  Ambiguity,  and  one  train  of  investigaliun  occurred  lu 
k   tn^i  whence  1  imagined  such  proof  might  be  obtained. 
,         The  cause  which  I  have  assigned  for  charcoel  not  being  Dccumpoil. 

IDxigPiialeJ  by  osimuriatic  acid  ia,  that  the  portiuii  of  water  ^''".^J^o,"'* 
necessary  to  the  con&tilutJou  of  muriatic  acid  gaa  is  not  af-  vtUn  Die  iditl- 
forded.     If  water,  therefore,  were  supplied,  the  oxigenation  flon*/""'' 
bnght  to  take  place.     There  is  some  reason  to  believe  that  (cti or  amln* 
•     tbis  is  the  result,  but  from  the  state  of  aggregation  of  the  S^ou*  rnulii' 
,     charcoslt  it  ii  not  easy  to  conduct  the  eiperimtot,  so  u 
t    that  it  hhall  not  lie  either  imperfect  or  atnbiguoui. 
''        But  there  is  another  form  under  which  it  may  be  made,  Arguniimt 
I    titid  with  rcgrird  to  which  indeed  the  facts  are  already  partly  i™™,,;"  i™d' ' 
ascertained.   If  oximnriutic  acid  gas,  and  any  of  the  varieties  n'^uKiic-K- 
of  whnt  are  named  curburetted  hidrogen  gaeies  be  mingled  in^%u,i^i™" 
together,  it  is  known  from  the  experiments  of  Criiickahank,  ud  cirbotna 
thut  a  mutual  action  is  txerted,  eiihi^r  immediately  if  the"'^' 
electric  spark  is  lukea  in  the  mixtiirei  or  more  slowly  if 
they  are  allowed  tn  reinaiu  in  their  mixed  state;   and  in 
either  case,  if  the  due  proportion!!  iire  observed,  they  are 
eutirely  c»n verted  into  mariatic  uad  carbonic  atids.     The 
explanation  of  this  nccnrding  to  the  common  theory  is  ob- 
vious; the  curban  nnd  hidrogen  of  th«  iiiflumu:able  ^as  r^ 
reiving  oxijreii  from  ibe  oxlmuriuiii:  ui-id,  carbonic  acid  iind 

•■alar 
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wnter  are  formed;  'and  this  W4iter  mmst  be  supposed  to  be 
retained  in  cfoiubination  with  the  muriatic  acid»  into 
winch  the  oxiinnriiitic  is  oonirvrted.  Bat  it  does  nut 
ttdioit  equally  of  explanation  on  Mr.  Davy*8  hypothesis. 
The  oKimuriaric  acid  may  be  supposed  indeed  to  combine 
with  the  hidrogen  of  the  oarbu retted  hidrogen  to  form 
muriatic  acid.  But  whence  is  the  oxigen  derived,  which 
converts  the  carbon  into,  carbonic  acid  ?  The  result,  in 
strict  conformity  to  the  hypothesis,  ought  to  be  the  con- 
Tersion  of  the  oximuriatic  acid  into  muriatic  acid,  and 
the  deposition  of  the  carbon  in  a  state  wialagous  to  char* 
coal.  This  is  indeed  the  result  when  some  of  these  gasset 
are  acted  on  by  a  certain  quantity  of  oximuriatic  acid; 
but  when  the  quantity  is  larger,  the  product  is  ouiformly 
carbonic  acid. 

Onir  apparent  '*****''®  appears  to  me  to  be  only  one  source  of  ambiguity 
source  of  am-  attending  this  experiment,  and  that  probably  a  very  triviel 
^f^^y  oue.    The  inflammable  gasses,  which  have  been  regarded 

as  binary  compounds  of  carbon  and  hidrogen,  are  probably 
rather  ternary  coifiponnds  of  carbon,  hidrogen,  and  oxigen ; 
and  on  this  supposition  it  may  be  said,  that,  while  the 
,  oximuriatic  acid  combines  with  the  hidrogen,  and  forms 
muriatic  acid,  the  carbon  and  oxigen  of  the  inflammable  gas 
answsreiL  remain  in  union,  and  form  carbonic  acid.  This  explanation 
however  implies  the  existence  of  a  much  larger  quantity 
of  oxigen,  than  there  are  any  grounds  far  supposing  does 
enter  into  the  composition  of  these  gasses.  It  besides  fails 
to  account  fdr  the  large  quantity  of  oximuriatic  acid  that  is 
required.  Little  more  than  one  measure  of  oximuriatic  acid 
gas  to  one  measure  of  hidrogen  is  required  for  mutual  satu« 
ration,  so  that  the  whole  is  converted  into  muriatic  acid  sras. 
But  not  less  than  four  measures  of  oximuriatic  acid  gas  to 
one  measure  of  carbu retted  hidrogen  are  necessary  to  produce 
the  full>  change  into  carbonic  acid  ;  and  if  less  be  employed, 
there  is  either  a  deposition  of  charcoal,  or  a  formation  of  car* 
bonic  oxide.  Now  this  quantity  cannot  be  required  merely 
for  the  saturation  of  the  hidrogen  contained  in  the  carbo- 
retted  hidrogen,  and  what  other  agency  can  it  be  snpposed 
to  exert,  by  which  it  produces  the  conversion  of  the  car- 
bon 
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1    into  curbonic  acii),    than   that   or     cooiuiumcittitig 
g™ ! 

The  experiinenl  however  It  occurred  to  me  might  be  mude  Curliunij  o^iie 
,in   a  munner  free  even  from  this  ambif^uity.     Cruickilmnk  'i"''sct"'ji/J^ 
observi^d.  that,  when  carlwnic  oxide  h  mixed  with  osimu- nuich«n(e>iby 
riatic  acid   gas,  on  taking  the  electric  spark  iu  the  mixture  ^p*,^'""" 
there  !s  pa  detonation  produced,  nor  any  sensihle  change. 
This  roust  be  ascribed,  on  the  com  nion  hypothesis,  to  the  snrne 
cauae  as  the  nonoxigenalion  of    chaitioal    in  oxiniiiriutic 
acid   gas — the  absence  of  that  portion  ttf  wuter,  which  it 
esaentiai   to  the  constitution  of  inuriiitic  acid  gas.     But  he  ,hoiiB(,  thtf 
obst'ivcd,  that,  if  the  tivo  gassea  were  mixed   together,  n '"hjitindinB 

.1  action  IS  slowly  exerted,  and  sfter  tiventy  four 
hours  they  are  conrerted  into  carbonic  and  muriatic  acids. 
How  thi«  ii  a  mult  diflercnt  from  what  the  vrew  of  the  sub- 
ject 1  hare  f>iven  would  lead  lu  trxpect,  and  apparently  too 
'n  oppoijitiou  to  the  result  obtained  when  the  action  of 
the  electric  spark  has  been  employed;  for  there  iit  no  ob- 
vious cause  why  the  osigenatiou  of  the  carbonic  OMcle 
i-hotild  be  effected  in  the  one  cose,  more  than  in  the  other. 
This  differen(;e  it  iippearcd  probable  depended  on  the  Thit  dlTlm- 
iigency  of  water.  When  the  electiie  spark  is  taken  in  the  f"o^jy.!"^ 
mixture  of  tlie  gasses,  even  though  they  may  not  huve  ihetirtieiHieof 
been  previously  dried,  the  ouantily  of  water  within  the  "*'"■ 
sphere  of  agency  of  the  spark  ia  so  iuconsidcr*ble,  that  the 
action  ia  not  fuvoured.  But  in  the  alow  action  the  whole 
water  diffused  through  them  can  operate  ■uccessivcly,  and 
therefore  with  inore  etli^et,  so  as  to  admit  of  at  least  a 
partial  oxigenatiou,,  and  if  the  gasses  huve  been  passed 
throujjh  water  into  the  bottle  in  which  they  are  ullowed  to 
remmn  mixed,  (the  wanner  probably  in  yhich  the  experi- 
ment was  perfomed  by  Cruick^ihunk)  the  lilm  of  wiiter  ad- 
hering tt>  the  internal  surface  may  render  the  aclioii  com- 
plete. To  ascertain  if  this  luppositiun  wert'ja^t,  1  made 
the  experiment  in  the  fullowing  manner. 

Two  meusui'tts  of  carbonic  oxide  gas,  and  two  measure*  EipfTiireni  t» 
aiid  H  half  of  osiinnriaticacid,  each  having  b^en  previously  Tha'tioniw' 
exposed  to  muriate  of  lime,  iveie  mixed  togetlier.  The  nmdciuiirjr  it; 
mixture  could  not  be  passed  through  quickwlver  without  ^'^^^,  *J^ 
llie  (juicksilier  being  acted  on  by  the  acid,  so  that    a  ^f  hourg  viihuui 
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^incdeooai*   tion  of  it  adhered  to  the  sides  of  the  jar,  and  contiouiikg  tq 
f^^  '■  act  on  the  acid  might  couoterart  any  action  on  the  carbonic 

oxide.  To  avoid  this*  the  mixed  gassea  were  introdaced 
into  a  caoutchouc  bottle  connected  by  a  tube  and  stop-cock 
with  a  jar  containing^  dry  mercary.  Qo  turning  the  atop- 
cock 9  and  suddenly  compressing  the  elastic  bottle,  the  gaa- 
desceuded  into  the  jar,  and  depressed  the  mercury  without 
acting  upon  it,  this  action  being  prevented  still  more 
effectually  by  a  little  pure  carbonic  oxide  having  been  pre- 
viously introduced  into  the  jar.  The  stop-cock  being  shot, 
and  the  jar  being  also  closed  at  the  bottom,  the  mixed  gasses 
were  allowed  to  stand  24  hours.  At  the  end  of  this  time 
the  green  tinge  of  the  oxi muriatic  acid  gas  was  perfectly 
apparent;  the  stop-cock  being  turned  under  quicksilver,  a 
Yery  slight  diminution  of  volume,  not  exceeding  ^  of  the* 
whole  mixture  was  indicated  by  the  entrance  of  a  portion  of 
quicksilver  equivalent  to  this.  On  transferring  to  water, 
there  was  no  immediate  absorption,  but  the  oximuriatic 
acid  gas  was  gradually  condensed.  The  residual  gas  was 
then  transmitted  through  lime  water  in  a  long  narrow 
tube,  it  communicated  a  milkiness  to  the  surface,  so  slight 
as  to  be  barely  perceptible;  this  wasremoved  on  agitation, 
and  did  not  appear  on  a  second  or  third  transmission.  The 
residual  air  was  found  to  be  carbonic  oxide,  both  by  the  test 
pf  oximunatic  acid  aided  by  water,  and  by  being  converted 
by  combustion  into  carbonic  acid.  In  this  experiment  then 
the  carbonic  oxide  had  scarcely  been  acted  on  by  the  oxi- 
muriatic acid,  and  the  very  minute  quantity  of  carbonic 
acid  that  appeared  to  be  formed  must  be  regarded  as  owing 
its  origin  to  the  impracticability  of  abstracting  water  en- 
tirely from  the  gasses,  or  to  the  presence  of  a  small  propor* 
•  tion  ofhidrogen  in  the  carbonic  oxide. 
|iutt|iey  were  I  now  mixed  carbonic  oxide  and  oximuriutic  acid  in  the 
^**^°/?P*?****  same  proportions  as  in  the  preceding?  experiment,  and  al- 
if  a  little  wiater  lowed  a  little  water  to  remain  in  the  bottle.  On  opening  it 
were  admitted*  under  water  after  ^24  hours,  the  carbonic  oxide  was  found  to 
spently  passed  be  converted  into  carbonic  acid,  and  the  oximuriatic  acid  into 
through  water,  muriatic  arid,  SO  that  after  agitation  with  lime  water  to  absorb 
the  former,  scarcely  any  sensible  quantity  of  elastic  fluid  re- 
mained. The  lame  result  was  obtained  when  the  trasses  were 

merely 
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merely  trunamilted  through  water  into  the  bottli;,  the 
imaU  quantit]'  of  water  diffuited  through  them,  and  ad< 
heriiig  to  the  ^Uss,  being  sufficient  to  promote  their  mutual 


The  rationale  of  both  cxperimeDts  it  obviou 
cuuislunce  of  there  being  no  mutual  action  in 
perimeiit  mutit  be  ascribed  to  the  abseoce  ol 
esaentinl  to  the  conntitiiuoi)  or  oiuriotic  acid,  h 


s.     Thecir- 

This  retdilr 

ihe  first  ex- 

kcOLriK^fot 

by  Ike  eox)- 

liiat  water 

the  second 

i|>]>lied 


hence  the  traimrer  of  the  osi- 
d,  Euid  the  consequent  forina- 
carbonic  acids.      But  they  do  not  bntnotl);!)* 
equally  satisfactory  explauation  on  ^"J'"'- 
I.     For  the  peculittrity  that  carbonic 
thefiriit  ezperiiDcnt  no  cause 
imuriatic  acid  has  no  tendency 
:(de  or  its  ba:>e;  and  this  is  an 
niption,  that  oximuriaiic  acid 
migen  powerful  affinities  to  in- 
lint  for  the  Hgenc>  of  the  water  ' 

be  supposed,  that  it 


experiment  this  i* 

gen  from  ihi 

tion   of  muriatic   ui 

Rppear  to  admit  of  : 

Mr.   Davy's  hvpolb 

oxide  sutferH  no  change  i 

can  be  assigned,  but  that 

to  combine  with  carbonic 

evident  aooiui'ly  on  the  ui 

is  a  principle  exerting  liki 

flammable  bodies.     To  ae 

in  the    »ecoiid  i'ji[>erimf[. 

auflera  decomposiiioo.  aflbrdinghidrogen  to  thcosimuriatic 

■cid,  and  oxij^n  to  the  carbonic  oxide.     But  there  are  no 

jiiat  grounds,  whence  this  can  be  inft^rred.     Water  i*  not 

decomposed  by  oximuriatic  acid  gas,  or  by  carbonic  oxide 

gas;  there  is  no  reason  to  conclude,  that  its  decomposition 

can  be  tftViltd  by  their  action  when   they  are  preMnled  to 

it  merely  in  a  mixed  Fitule ;  and  the  more  obvious  operation 

may  be  rejjurded  as  the  real  one,  ihut  it  acts  by  its  afliuity 

to  muriatic  acid. 

But  even  this  Donrcc  of  ambiguity  I  suppoiiet]  might  be 
obviuled  liy  making  the  experiment  under  another  furni, 
nixt'd  to;,'ethcr  one  measure  of  carbonic  oxide  gas,  one  irieu- ' 
sure  of  hidriij^en  gas  and  two  meusuri-s  and  ah-ilf  r^f  oxiinu- 
riatic  ecidgH3,  each  pretiotisly  baring  been  exposed  to  muri-  , 
Dteof  hme,  and  introduced  them  into  ajar  in  th''  same  man-  ' 
ner  M  in  thelirxt  experiment.  The  greeu  tinge  of  the  oximu-] 
riutic  acid  gas  gradually  diwifipeared,  and  after  two  hours  i 
exposure  to  clear  day  light  was  not  apparent.  On  opeiiing 
the  jar  aflcr  i4  hour*  un'lt^r  quicksilver,  a  diminution  of 
volume,  leiiB  as  the  gaMes  had  beeu  co-upletely  dried,  wns  in- 
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dicatecl.     Oq  transferriog  it  into  water  a  farther  dicnioutioD 
took  place,  the  water  filling  rather  more  than  half  the  jar. 
Ob  passing  the  gas  through  lime  water  it  communicated  to 
it  an  abundant  milkiness,  and  this  repeatedly*     A    small 
portion  of  air  remained,  which  on   approaching  a  lip^hted 
taper  to  the  orifice  of  the  tube  exhibited  a  weak  ilame« 
though  there       In  this  experiment  then  the  greater  part  of  the  carbonic 
was  no  source  oxide  had  been  converted  into  carbonic  acid.     On  repeat- 
form  the  car-    5"g  '^  ^^^^  rather  a  larger  proportion  of  oxi muriatic  acid, 
boQic  acid,  on  three  measures  and  a  Yialf  to  one  measure  of  carbonic  oxide 
h^poth^k      *°^  ^"®  ^^  hidrogen,  the  changes  were  similar,  but  even 
more  perfect,  the  residual  air  being  scarcely,  if  at  all,  in- 
flammable.    This  result  appears  to  be  conclusive  in  proof 
of  the  existence  of  oxigen  in  oximuriatic  acid,  and  to  be 
free  from  the   ambiguity   which   attends   the   experiment 
where  water  is  employed  to  favour  the  action  of  the  gasses. 
Hydrogen  only  is  supplied,  and  how  is  its  agency  to  be  ex* 
plained  ?  On  the  one  theory  it  may  be  conceived  to  form 
water  by  attracting  oxigen  from  a  portion  of  the  oximuriatic 
■    acid,  and  this,  favouring  its  transition  into  muriatic  acid, 
promotes  its  farther  decomposition,  so  as  to  afford  oxigen 
likewise  to  the  carbonic  oxide,  and  convert  it  into  carbonic 
acid.     But  in  the  opposite  theory,  although  it  may  be  as- 
sumed that  the  hidrogen  will  couvert  the  oximuriatic  into 
muriatic   acid,  what  is  to  produce  the  oxigenation  of  the 
carbonic  oxide  ? 
A  mixture  of        Cruickshank  had  found,  that  no  explosion  is  produced 
carbonic  oxide  by  the  electric  sp;irk  in  a  mixture  of  caibonic   oxide  and 
atic  acicT^as     "ximwatic  acid  gasses.     To  confirm  the  preceding  results, 
ex|»ov.'4l  10 the  I  repeated    this  experiment  with  a  due  attention    to  the 

eUc  r»c  Miaiit  ^j^j^j^.^.  |  |^aj  j^  y\^^  .  ^^g  measure  of  dry  carbonic  Oxide, 

for  15  miD.  •'  ...  '.  . 

Trr   bnic    and    two  measures  of  oximuriatic  gaa  being  subjected  to 

oxide  remain-  t},(j  action  of  the  electric  simrk  over  qtiicksilver  for  fifteen 
«<l  unchanged.  n,-       i  •  ,         ,  •.  , 

tpinutcb*     ISO  aetonatioQ  was  produced,  nor  any  sensible 

eifect,  farther  than  a  diminution  of  volume  to  the  extent  of 
half  a  measure  from  the  action  of  the  quicksilver  on  the 
o'unuriatic  acid.  On  removing  the  excess  of  oximuriatic 
acili  f^as,  by  water,  the  residual  air  occupied  almost  ex- 
actly tlie  volume  of  one  measure ;  when  transmitted 
^through  lime  water  it  did  not  render  it  milky  ;    it  burned 

with 
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iritli  tlie  blue  flnme  of  carbonic  oxide,  and  wa»  converted 
finto  carbonic  acid.  In  ttir$  experifnent  then  tbe  carbouic 
■  -oxide  had  evideiillf  sustained  no  change. 

>  the  tube  one  measure  of  dry  carbouic  AtimiUitaia- 
.  oxide  gas.  one  mmsure  of  dry  hldrogen  gaa,  and  three  toea-  'd!|v*"of  v 
sures  oFoximuriatic  acid  go?.     Oit  transmittiiig  the  electric  dniK«i,ex- 
■park  there  was  an  instant  explosion  with  the  production  of  P'"^"''"'^ 
a  whitish  vaponr,  and  ditnlntition  of  volume.     On  remov  coopoicd. 
ing-  the  lube  into  water  the  vapour  was  condensed,  a  slight 
tinge  of  DKimnrialic  aciil  remained,  but   this  was  soon   le- 
moved  with  farther   diminution  of  volume  by  I  he  action  of 
the  water.     The  ri^sidnal  air  occupied  scarcely  one  measure, 
and  by  the  test  of  lime  water  was  found  to  be  carbonic 
acid  with  a  small  portion  of  utmospheric  air.     A  similar 
result  without  any  retnaining  excess  of  oxiinuriatic  acid  was 
obtained  oti  osin^;  rather  a  larger  proportion  of  hydiogen. 

Here  the   ultimate  results  are  the  same   as  in  the  ex- xhi«  confirm. 
perimenls  on  the  slow   mutual   action  of  llTese  gasses,    and  ihe  ptecrd.itj 
the  same  explunation  is  to  be  given.     There  is  the  same  ^'""* 
difficulty    too   in    accounting    for    them    by    Mr.   Davy's 
hypotheFis;   for  although  the   hidrogen  ini;>ht  convert  a 
[lortioB  of  the  oximnriatic  acid  into  muriatic  acid,  there 
ia  nn  source  <nht-nee  the  oxigen,  which   has  converted  the 
Ciirbonic  oxide  into  carbonic  acid,  can  have  been  obtained  ; 
iind   th«   results   according  to  that  hypothesis  ought  to  be 
merely  the  dtT'iippeHrance  of  The   hidtiigen,  nnd  the  liirmit* 
lion  of  a  portion  of  murialie  acid,  while  the  carbonic  oxide 
rith  about  hulf  of  the  oxirauriatic  acid  remained  iinchanged. 

There  is  only  one  mode,  in  which  the  force  of  this  oon- 
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hidrogen  is  employed,  whether  in  the  slow  uclion,  or  in 'mu'Jtswo, 
the  detOQutioii  by  electriciry,  ran  he  aitempted  to  be  ob- 
riuted.  It  is  that  of  ^Shuming,  that  the  carbouic  oxide  is 
not  converted  into  carbonic  niid  previous  lo  the  admiiwon 
of  wiiter,  that  it  forms  with  ihe  hidrogen  and  oximurialicucid 
n  lernafy  compound  which  decomposes  the  water,  and  attracts 
its  oxigEu  and  hidrooeti,  so  that  the  carbonic  oxide  becomes 
carbonic  acid,  and  lite  oxtmuriniic,  muriatic  acid.  But  this 
lUppMilion,  which,  were  it  advanced,  would  be  alto- 
r  grutuiious,  aud  hud  recourse  to  merely  to  avoid  a 
L  i  difficulty; 


fntuiloat. 


difficulty ;  for  there  is  no  evideoce  of  the  formation  of  gucb 
a  compound  from  any  phenomena,  which  attend  the  experi- 
and'  in  great     mcnt.  This  objection  too  was  in  a  great  naeature  obviated  by 
^^'       ^  ^'*  introducing  into  the  electric  fluid,  previous  to  the  adoiiMioo 
of  water,  a  slip  of  dry  litmus  paper  :  it  instantly  receiTed  a 
bright  red  tiuge,  a  proof  of  the  production  of  acid. 
The  experl-         ^^  makinj^  these  experiments  1  vras  assisted  by  my  friend 
menu  oftca     Mr*  £Uis;  they  were  often  repeated,  and  e\'ery  attention 
ueated  with     ^*^  P^^  ^^  ensure  accuracy.     The  carbonic  oxide  wasob* 
similar  resaSts.  tained  first  from  dry   chalk  and  zinc  filings ;  and  lekt  this 
should  contain  a  little  hidrogen,  which  might  be  a  aoarce 
of  errour,  more  particularly  in  the  experiment  of  the  slow 
.  action  of  the  gasses,  it  was  afterward  prepared  from  natite 
carbonate  of  barytesand  iron  filings.     The  oximuriaticacid 
was  prepared  from  muriatic  arid  and  oximuriate  of  potash. 
The  influence  of  light  in  promoting  the  action  of  the  oxi- 
munatic  acid  on  the  inflammable  gasse^s  was  strictly  attend* 
ed  to,  the  mixture  in  the  different  experiments  being  always 
expose<l  for  the  same  length  of  time  to  the  clear  light  of  day. 
ifcncewe  From  these  experiments  there  appears  to  be  sufficient 

liave sufficient  evidence  of  the  existence  of  oxigen  in  oximuriatic  acid;    « 
Sie  ^•^*ten^     ^^^  ^  "^"^  remark,  that  carbonic  oxide  is  peculiarly  calcii* 
•f  oxigen  in    lated  to  afford  this  evidence  without  that  ambiguity,  whic6 
oximuriatic      attends  the  action  of  oximuriatic  acid  on  other  inflammable 
substances,  as  in  these  the  substance  which  is  formed  enters 
into  ycombination  with  the  muriatic  acid,  and  the  nature  of 
llicse  compounds  becomes  the  subject  of  hypothesis.     In 
the  action  of  oximuriatic  acid  on  potassium,  for   example, 
u  substance  is  formed,  which   according  to  the   comraoo 
•tlieory  is  a  compound  «f  oxide  of  potassium  (potash)  wiih    ' 
inuriulic  acid  ;  but  which,  according  to  the  opposite  liypo- 
tliens,  is  a  compound  of  oximuriatic  acid  and  potassium: 
and   it  is  not  easy  lo  submit  it  to  any  experiment,  from 
which  it  may  be  determined  which  of  these  views  is  just. 
But  in  tlie  case  of  carbonic  oxide,  the  muriatic  acid,  having 
.  no  great  attraction  to  the  product,  does  not  combine  with 
.  it ;  its  nature  tberfore  is  discovered,  and  the  obviobs  pro- 
duction of  it  from  the  carbonic  oxide  proves,  that  oxigen 
must  have  been  communicated,  and  that  it  could  be  so  only 
from  the  oximuriatic  acid. 

'  I* 
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In  n'Rccling  on  other oaies  of  cliemic»l  ot-tion  exerted  by  Fanhpr  «ii- 
oxifnuriiilic  acidon  inflamnmlile  mbslnnces,  there  Rppenred  *'"""'"'"** 
to  he  one,  in  which  nearly  ihe  Mime  udvuntuge  nii^hl  ht-  ix-  miitialie  •rid 
peeled.     From  its  uction  on  aulpliur  u  ooinponmi  is  rormed,  g»»oiiiuIphui, 
which,  in  conformity  to  Mr.  Davy's  hypothesU,    is  fom- 
posed  of  oximurialic  ucid  iind    sulplinr:    but   ivliirh,  ac- 
cordiiii;  to  the   other,  codhisIs  of  sulphnr  in  some  stat^  of 
o»idi>tion,  and  muriatic  acid,  free  or  utaily  bo  from  water. 
But  when   snlphuretlrd  hidrogen  is  acted  on,  a  different  and otwlphu- 
result  may  be  cxpFcleil ;   the   hidrogen   receiving  ox'Ren  ^^  *"**" 
from  the  oximuriulic  add  will  form  Hiiier,  which  Tavonnng 
the  produtlion  of  rauijatic  acid,  osi;^en  trill   likewise  lie 
conimuuicated  to  the  sulphur,    and   convert  it   into  biiU 
phurouB  or  sulphuric  ucid;  toeilher  of  which  the  murinlic 
acid  cxertin);  no  strong  uttraetion,  their  production  will  be 
«p))ar(;i]t.      When  oxirauriatic  acid  gas  and  snlphuretted 

Itogi'ii   gas  ore  mixed  together  over  wnter,  it   is    knoirn. 

It  a  rapid  diminutroii  of  volume  takes  place,  and  sulphur 
'  is  depositt-d.  Mr.  Davy  hus  stated  the  vesulls  inort  mi- 
nutely, excluding  \he  agency  of  water.  The  two  gassei, 
previously  driid,  were  mixed  in  e<iuBl  yoliimi's;  the  c«n- 
deniation  was  not  ^'„,  sulphur  which  seemed  to  cAnlnin  ft 
little  oximiiriatic  acid  was  formed  on  the  sides  of  the  ve^el, 
iicivapourKas  deposited,  an<l  the  residual  gus  contained  ig 
of  muriatic  acid,   the  remainder  being  inflaminabk'. 

I'his  result  appeared  to  me  In  arise  probably  fi'om  the  pro-  DilTcrent  r*. 
portions  of  the  two  gassvs,  ihe  cjiiuiitity  of  oxiinnriatic  acid  ••!'"  f"""  ""^ 
not  being  sufficient  to  afford  oxigen  to  convert  both  the  hi-  ,i„„,  „f  ,[„ 
droRen  into  water,  and  the  sulphur  into  sulphuric   aeid;B"»". 
and  the  hidrogen  suffering  the  oxiijenation  most  rapidly,  sq 
that  the  sulphur   is  deposilpd  without  being   acted  on.      If 
a  sufficiently  large  pioporlion  were  employed,  it  seems  to 
follow  from  the  pieeeding  reasoning,  that  the  oxigenation 
of  the  sulphur  to  a  certain  exient  at  least  ou^ht  1o  laic 
place,  the  formation  of  wiiter  from  ihe  oxigenation  of  llie 
hidrogen  favouring  the  transition  of  the  oximnrialic  to  mit- 
riatio  acid.     Proceeding  on  this  principle  I  obtained  tin; 
following  re«ultt  from  esperiiiients  varied  with  regard  to 
the  proportions.     When  one  measure  of  oximurialic  acid  i  p.rt  oximu- 
MS  was  mixed  over  «aler  with  two  measures  of  sulphuretted  fisUcpsindj 

llldrogi-n,  hiJrojen. 
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^  hidrogen,  cbpions  deme  fumes  were  prodbced  with  a  depo- 

Bition  of  sulphur  on  the  sides  of  the  jar,  and  on  the  soHace 

1  oiim.  tdd^  ^^  ^^*  water  rendering  it  turbid.     When  these  proportions 

i  iulph.  hi-     were  reversed,  there  was  also  the  production  of  a  dense 

drogen.  vapour  and  a  deposit  of  sulphur ;  but  the  water,  which  was 

at  first  rendered  turbid,  soon  became  transparent  as  it  rose 

in  the  vessel,  the  film  of  sulphur  disappeared,  and  the  eo- 

Oxlro.  acid  gas  ^iT^  g&s  nearly  was  condensed.    Whenoximuriatic  acid  gas 

received  ki       ^as  allowed  to  escape  from    a    retort    into   sulphuretted 

^^^       '      hidrogen  gas  in  ajar,  a  very  dense  vapour  was  produced  9^ 

each  bubble  of  gas  broke  from  the  surface  of  the  water, 

sulphur  was  collected  on  the  surface,  and  the   water  was 

Salph.  hidr.     quite  turbid.    When  the  experiment  was  reversed,  the  oxi- 

rccmed  in       muriatic  acid  gas  being  in  the  jar,  and  the  sulphuretted  hi- 

drogen  allowed  to  escape  into  it,  a  whitish  vapour  was  also 

produced  as  each  bubble  of  gas  broke,  but  much  less  dense 

and  less  in  quantity,  and  there  was  scarcely  any  deposition 

of  sulphur  ;  obviously  owing  to  this,  that  the  sulphuretted 

hidrogen  from  its  inferior  specific  gravity  rapidly  diffused 

itself  through  the  mass  of  oximuriatic  acid  gas,  which  thos 

acting  upon  it  in  large  quantity  oxigenated  both  the  hidrogen 

and  the  sulphur,  while  in  the  other  mode  the  reverse  of  thil 

happened*. 

Experiments        To  exclude  the  agency  of  water,  one  measore  of  snlpbo- 

nLes  re^at-  ^^*^^^  hidrogen  was  admitted   into  an  exhausted  tube,  and 

ed  in  different  afterward  three  measures  of  oximuriatic  acid  ga»,     A  whit-  j 

torms.  jj.|j  yjip^jy,.  iinmediately  spread  through  thetnbe,  but  it  was 

not  very  dense,  nor  was  there  any  depositiob   of  sulphur; 


Singufar   phe-      *  A  singular    appearance    presented   itself   in    these  experiments. 

nomenon.  ^g  each  bubble  of  oximuriitic  acid  gas  broke  in  the  sulphuretted  hidro- 
gen, there  w.is  an  explosion  with  a  vivid  flaih  cf  light,  though  no 
evident  coir.bustion  attends  tlie  direct  mixture  of  the  tvo  fosses,  and 
there  was  no  similar  appearance  when  the  sulphuretted  hidrogea  broke 
in  9uccess.vc  bubbles  in  ihc  oximuriatic  ucid  gas.  The  difference  maybe 
owing  principally  to  the  :nfiuei>ce  oi  thf  sjiPcific  gravity  of  thegastesU 
above  explained,  the  oximuriatic  acid,  when  introduced  into  the  sul- 
phuretted hidrogen,  from  its  greater  density  not  difru>iog  iL«eIf,  and 
therefore  acting  in  a  more  concantrated  sute ;  partly  also  perhaps  to  a 

slight  change  produced  on  o:(imariatic  acid  by  tiantmission  through 
water. 

and 
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aii'l  iheuir  iit  a  fern  minuteB  ruii;auictl  ite  transparency.  On 
iiilroJuciiig  liiei^aaseein  tquul  vol  nines  ialo  the  lube  a  very 
(Isuw  vujiour  nns  produced,  willi  a  copioaa  depeaitiou  of 
•nlphur.  Tlie  experiment  whs  repeated  in  uioilier  forot. 
Otimuriatic  acid  cu*  wm  inttoduced  itiivtt  it1a»H  ({lobe  wilb 
u  Mopcocki  nnd  expanded  by  heat  *a  tis  to  produce  m  par> 
liul  exhanBtion.  On  admiltintf  «alphiiretted  hidrogEo  in 
tniall  lucccssive  pnrlinns,  u  very  sliglit  vapour  wa«  at  fax 
prodnrvd,  and  it  (onn  ditappeared  :  but  on  ihe  nubwrqumt 
admissions  it  becnnte   more  and  more  den«e,     Purtof  tbc 


Mi'lnal   . 


after 


in^  retrained  lU  traiitpnrency,  wag 
esjie11i;d  from  tlie  globe  by  heat ;  and  ou  admitting  ii  freib 
(lortioii  of  Rutplinretted  hidrogren,  there  vas  a  copious  depo> 
■itioo  of  sulphur  on  ibe  Bides  of  the  globe.  Thi«  h«wei-er 
after  Bome  hours  had  in  a  ^eat  measure  disappeared.  Ok 
iiipniii^  the  stopcock  under  water,  there  appeared  to  be 
little  diminution  of  volume,  a  small  portion  of  water  only 
entering  the  narrow  tube  of  the  fttopcock  ;  bu't  when  this 
wiM  diffnBetl  ihroiigh  the  globe  by  agitation,  on  ^lin 
o|>ening  it  water  rushed  in  ho  as  nearly  to  lilt  it.  ](  liad 
therel'ure  been  filled  with  muriatic  add  ga«  which  the  xater 
instantly  condenifd  ;  and  be  there  mm  little  deposition  W 
lolphiir  it  maybe  concluded,  that  the  greater  part  of  it 
had  been  converted  into  sulphuric,  or  jiartly  perhaps  toto 
sulphur  )B«  acid.  The  water  was  acid  and  gave  a  prec(> 
pitnte  with  tnuriata  ol'  burjlea.  The  results  of  llK-se  e»- 
fiehinenis  tbui  EuJBciently  aciord  witli  the  buppoeition,  ihut, 
when  tulpbnretted  bidrogeuis  acted  on  br  oximnriBticavitt, 
the  «ul[AinT  receives  osi^'en  whim  the  due  proportion  of  acid 
is  (employed. 

All  the  ThcIs  connected  with  the  subject  of  the  precedinfr  Grneral  i 
researclws  a|«pear  in  the  fn-esent  state  ol' the  investigMtion  ^a^^oQ^. 
to  l«Md  10  the  adoption  of  one  of  two  ^rieral  gyetemti,  each 
of  which  involves  several  subordinate  propositions  neccfSBrily 
connected.  In  the  one— that  proposed  by  Mr.  Davy,  ^mimu- 
riatic  acid   ia  regarded  as  a  simple  aabstanc 
acid  as  a  compound  of  this  Buiistance  with  hidrogeii. 
other — oxiinuriatic  acid  is  held  to  be  a  componnd  of  muri- 
iitic  acid  and  oxigen  ;  the  composition  of  niuriutic  acid  it- 
idf  U  tifAaown,  but  it  i«  supposed  to  have  a  peculiar  reta- 


in the 


«K  THE  NATORE  of  OXtUUBIATIC  ACt». 


tion  to  water  in  conMC]! 
male))',  ihia  corobined 
afiinitiea  the  acid  PKprta. 
acidissuppoited  to  form  t 
iDflammsbleand  metiillit 


lence  of  which  they  cnmhine  inti- 
water  powerfully  modifjing  lh« 
In  the  rornier  STStFmoximtiriatic 

a  extensive rpries of  ('(inipounilii  itilli 
beses  ;  miiriatie  ucid  rortni  ariolher 


order  of  romponndB  with  these  liai^ef  in  an  oxidnied  Ktate; 
uid  the  former  of  these  compoundis  are  converted  lato  the 
latter,  when  water  is  communicated  to  ihein,  by  the  wnter 
being  decompoHed,  its  oxigeii  being  transierred  to  the  baae, 
and  its  hidrogen  to  the  oxifnuriatic  acid.  In  the  latter 
hypothesis  the  facts  coonecled  with  thsae  cnmbinalinna  are 
explained  by  supposing  the  one  order  of  compounds  to  be 
composed  of  muriatic  arid  free  from  water  combined  with 
inflammables  aad  metals  in  an  oxidated  slate:  the  difficulty 
of  decomposition,  the  character  by  which  ihey  are  di^ 
tioguitbed  from  the  onmmon  muriates  mubt  be  absciibed  tu 
the  ^Mence  of  the  water  eBsenliiil  to  the  existence  of  muria- 
tic acid  ia  un  iiisulattd  form  ;  and  the  chant;i^s  they  suffer 
from  the  com muoi cation  of  naier  must  be  su^jpoeed  to  arise 
from  the  changes  il  produces  in  the  chemical  powers  of  the 
acid.  In  the  latter  hypotliei^ib  the  only  difficulty  which 
appears  to  me  of  importaace  is  lliat  orisin};  from  this  pecu- 
Onlr  inomslf  Har  relation  between  muriatic  sod  and  water.  It  undoubt- 
^eorr  "  *^'y  P"""^"'*  ^n  anonmty  in  cheQiJc:il  theorj- ;   for  although 

there  is  no  difficulty  in  supposing  from  the  evident   itffinity 
which   exists  between  these  bodies,  thai  the  acid  in  its  elo^ 
tic  form  may  hold  a  portion  of  wuler  combined  with  it,  it 
is  not  obvious  by  what  agency  this  waiter  should  be  so  esseo- 
tial  to  its  existence  in  this  form,  or  should  have  so  ioiporiaot 
an  influence  on  its  chemical  powers.     Ail  tlie  other  pheno- 
mena however  appear  to  admit  of  explanation  on  this  hypo- 
thesis, and  if  the  conelnsiunal  have  ventured  to  draw  from 
the  preceding  experiments  be  just,  it  is  supported  by  more 
which  presents  direct  evidence.    The  peculiarity  with  regard  to  wuter  most 
tub'eci'5' "^    therefore  be  elucidated  by  furLlier  investigation,  aod  it  prco 
seaieb.  sentsan  interesting  subject  of  research. 

I  hare  the  honour  to  be. 


Sir,    your 


&c. 

J.  MURRAY. 
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IX. 

Questions  on  the  Nalure  of  JValrr.     la  a  Leiter/rnm  a 
Correspondenl. 

o  Mr.  NICHOLSON. 

SIR, 

VVnXyou  permit  Hyoung  Tyro  in  dieniiatry,  toiolicit 
intormiition  through  the  medium  of  yu>tr  Journal,  upon  n 
ten  obsL-rvutions  of  some  of  your  celebrated  chfmisU, 
wliii'h  have  exi'iled  bis  nileiition,  and  utitetil^  his  idens. 

Iti  the  last  edition  of  Mr.  Parkra't  Chenrcul  Culecliisin. 
p.  105,  is  the  following,' note.  "  Spme  reiciit  speciil»Uons 
'*  of  Mr.  Davy  seem  to  involve  the  roneliitiion,  ihst  ■«-  ,|, 
••  t«r  ia  not  a  coiniwiiTid  4ioi!y,  but  ihe  ponderable  bnM"' 
"  botli  of  oTigen  and  liidrogn  g-.issep,  asBiiming  either  of 
•'  tllese  forms  nrcordint;  to  its  electrical  slutes.  See 
"  MiiTay's  Chemistry  2il  ed.  vol.  II,  136  : 
'•  pu(>er  in  the  Phil.  Trim*,  for  1808."— Nov 
in  Dultoi.'s  Ni'»  Chernicul  Phtlixtophy.  or  n 
lion  of  Dr.  Henry's  Eleroentii  of  Experlmfi 
(both  very  recenily  puhliahetl)  ntiy  nienlion  o 
idea;— the  lutter  eonsidrr^  AiWfu^rH  as  a  roelallic  body,  in 
a  htatt  of  opposite  eleelr'uiiy  \o  oaigen  ;  for,  like  other  in- 
flammalile  igb^iance*,  it  is  nalurelly  in  a  «iute  of  positive 
electricily.  iind  lie  distinclly  »ny6,  that  iht  two  gasses  h«ve 
different  basics,  ojigeit  and  hidrognt:  »nd  (hat  water  is  a 
coiDpouiiil,  not  of  the  two  gaases,  but  of  oxigen  and  hi- 

In  the  lit  vol.  or  Dr.  llt-nry's  Elements,  p.  SU,  last 
edition,  lie  inys,  "  When  friL'tion  in  applied  to  the  glais 
*'  cylinder  of  an  elertricul  machine,  the  etettric  fluid  flows 
"  to  it  from  turtoiiiidiiig  bodieu,  and  thence  passes  to  the 
*"  prlm«  conductor,  in  vihich  it  exists  in  a  greater  than 
'  natural  quantiiy.  All  then  tlint  is  effected,  by  the 
•  action  of  tlie  machine,  is  a  diHiurlience  of  the  nalurul 
■'  ()uuiitity  of  electricity  in  bodies,  or  a  transfer  of  it  from 
"  Boroe  to  others,  in  consequence  nf  uhich,  while  the  latter 
*'  ac(]UTre  a  reJundavee,  the  former  become  proportionally 
••  deficient  in  this  quantity  of  electricity."  And  he  adds, 
IP  a  note,  "  This  theory  appears  to  me  to  have  several  ad- 
"  vantages 


rMr.  DBvy-8 
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Ouestluns  on    **  vantages  over  the  hypothesis,  which  supposes  ttco  different 
tlienaiureof   «  |^';ie/j  of  eUciricUt/y  capable  by  combination   of  neutra- 
'    '  "  lizing  each  other.  The  only  modiiication,  I  would  propose, 

**  is  a  slight  change  of  terms;  and  the  adoption  of  thofe 
**  suggested  by  Mr.  Cuthbertson,  viz.  condensed  and  rare^ 
•*  Jfedf  instead  of  positive  and  vegatit>e^  electricity*'*— «nd 
yet  Dr,  Henry,  itot  only  in  theinstuuce  before  quoted,  but 
ID  the  subsequent  parts  of  his  valuuble  work,  upon  this 
subject,  observes,  throughout,  the  distinction  of  podiit^ 
and  mtgatite  electricity*. 

In  page  173  of  Mr.  Parkes's  book  is  a  note,  in  which  he 
insinuates,  that,  as  Mr.  Davy  has  discovered  that   what  is 
termed  axigen  is  the  principle  of  alkalescence^  as  well  as  of 
^cidttj^t  the  term   oxigeft  is  improper,  and   that  kidrogen 
would  be  a  more  unobjectionable  term. 

If  any  of  your  correspondents  will  favour  me  with  remarks 
upon  these  points,  1  shall  feel  myself  under  great  obliga<i 

iions  to  them, 

I  am.  Sir, 

Your  constant  reader,  , 

A.  B. 

Cheltenham^ 

January  5«  UlU 

KEMARKS. 

The  hypothesis,  that  water  constitues  the  base  of  oxigen 
and  hidrogen,  is  by  no  means  new.  It  was  thus  that  Dr. 
Priestley,  and  others  who  maintained  the  doctrine  of  phlo« 
giston,  accounted  for  the  appearance  of  watt^r  in  Mr.  Caven- 
dish's experiment  of  the  combustion  of  hidrogen  with 
oxigen.  Some  have  even  considered  water  as  the  ponder<« 
able  base  of  all  the  gassfs.  The  opinion,  however,  that 
water  is  a  compound  of  oxigen  and  hidrogen,  has  long  been 
generaUy  admitted ;  and  though  Mr.  Davy  observed,  in 
the  paper  alluded  to,  that  his  experiments  at  that  time 
seemed  in  some  degree  favourable  to  a  modified  phlogistic 
theory,  yet  a  constant  reader  must  have  seen,  that  he  con- 
l^idercd  this  opinion  by  no  means  supported  by  his  sub* 
sequent  experiments.     C. 

*  When  I  wrote  the  foregoing,  I  had  not  seea  the  article  in  your  laU 
Journal  on  the  electiic  eflects  of  friction. 

X.  Remarkt 
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X. 

Remarks  on  Mr.  Li  Place's  Theory  of  Capillary  Attimu 
In  a  Letter  from  Thomas  Km iGiiTy  Esq. 


J\' 


To  Mr.  NICHOLSON. 
SIR, 


.MONG  the  oY>]ections  that  may  b€  made  to  Mr.  La  O^J*^*'*^  to 
Place's  theory  of  capillary  action,  there  is  oue»  that  1  should 


be  glud  to  take  notice  of,  through  the  medium  of  your 
luable  publication. 

The  errour  alluded  to  (as  well  as  many  others)  I'hav« 
iudeed  pointed  out,  in  au  **  Examination  of  Mr.  La  Place's 
Theory/'  published  about  a  year  as^o :  but  it  appears,  fron 
the  present  number  of  the  Monthly  Review,  that  what  I 
very  clearly  expressed  has  been  totally  misrepresented.  / 
hope  it  has  been  misunderstood  *. 

It  is  convenient,  in  Mr.  La  Plaq||*s  view  of  the  subject.  Action  of  a 
to  consider,  separately^  the  action  of  a  concave  "'^'^••cus,  ^^!!^?J  *".^w 
and  that  of  a  fluid  mass  with  a  plane  surface,  on  a  sleuder  a  plane tui^ 

column  of  fluid.  ^""^T""^*. 

This  author  shows,  in  a  satisfactory  and  in^nious  man-  but  thef^me  * 
ner,  that,  by  the  action  of  the  meniscus,   the  column  is  ^^^  ®^  '*^" 
urged  upwards.     Now,  the  same  mode  of  reasoning  that  is  cable  to  a 
applicable  to  a  meniscus,  must  alw  be  applicable  to  a  mass  J"***  ®f  ^^ 
of  any  other  form.     That  very  same  reasoning  ought,  there* 
fore,  to  have  been  employed  in  determining  the  action  of 
the  mass  with  a  plane  surface:  and  thus  it  would  have  been 
found,  that  by  this  also  the  coluoin  is  urged  upwards. 

Instead  of  this,  Mr.  La  Place,  by  a  process  of  quite  o  though Mf.Lt 
different  kind  (which  the  Monthly  Reviewer  esteems  vastly  «nd«foufi 
simple  and  mgenious),  attempts  to  show,  that  this-raass  with  contrary, 
a  plane  surface  urges  the  column  downieards. 

The  falsehood  of  which  may  be  proved  in  a  moment ;  for.  His  errour 
If  we  consider  any  |)0!nt  in  the  mass,  it  is  easy  to  see  that  it  •"**''"• 
will  urge  the  column  neither  way,  or  will  urge  it  upwards: 
and  this,  by  Mr.  La  Place's  own  reasoning  which  he  had 
osed  when  treating  of  the  meniscus. 

*  The  author  passes  over  every  material  argument  in  the  examination; 
and  has  the  prudence  not  to  ^ead  Mr.  La  PIace*i  f  cnwal  theoit. 

I  afRirmcdf 
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I  affirmed  t]i«refor«  before,  and  I  affirm  widi  the  same 
*^  boldness^*  aj^iD.-tbat,  by  employing  reasonings  totul/if 
opposite  in  cases  exactly  similar^  Mr.  La  Place  and  Mr. 
Hai'iy  did  virtually  contradict  in  one  passage  what  they  had 
said  in  another. 

It  is  asserted  by  the  Monthly  Reviewer,  in  the  course  »f 
his  pleasant  observations,  that,  **  If  they  had  been  guided 
•<  by 'conceptions  as  vague  and  uncertain  a*}  those  of  their 
**  examiner,  they  would  to  this  time  have  been  wandering 
*^  in  crrour." 
His  rrvults  I  will  show  briefly,  that,  if  they  had  proceeded  aecordiog 

true,  from  a  i^  those  conceptions,  they  would  have  obtained  the  same 
•f  anoiRs.  results^  though  in  a  manner  somewhat  different ;  consist- 
ently, and  without  arriving  at  truth  by  a  compensation  of 
errours.  Instead  of  making  the  muss  with  a  plane  surface 
urge  the  column  downwardsy  with  a  force  K,  ibis  letter 
would  have  represented  its  action  upwards,  which  add- 
ed  to  the  action  of  4he  concave  meniscus,  in  the  same 
direction,  would  have  given  the  whole  force,  with  whfch 

the   column   is   urged   upwards ,    =  K  +  -r-*.  So  that, 

0 

from  this  method,  there  would  have  arisen  ultimately,  by 
the  principle  of  a  canal,  the  equation 

which,  by  transposition,  is  the  same  as  the  one  now  given 
by  La  Place,  (in  p.  19  of  his  work)  and  must  necessarily 
lead  to  the  same  results. 

To  conclude — If  Mr.  La  Place  had  found  his  fundamen- 
tal equation  in  the  manner  I  have  pointed  out;  and,  instead 
of  making  the  whole  column  support  itself,  had  trufy 
shown  how  it  was  held  up  by  the  tube:  there  would  not,  I 
think,  have  been  any  thing  to  object  to  his  theory  f- 

I  am.  Sir,  * 

Your  most  obedient  servant, 

Papeastle,  Dec.  Bth,  1810,  THO.  KNIGHT. 

*  Mr.  La  Place  makes  it  to  be  urged  downtoards  by  a  force  ss  K  •» 
--  .  where  1  use  his  notation, 
f  3ut  then  it  would  have  been  a  different  theory. 

XI, 


ANiLTslS  OF  FLVOB-SPAK. 
XI. 


lu-  Arid,  in  Attj,tct 
Mr.JoHK  DjLii 


On  Muriatic  and  Oximn 
/»  a  Letttrfr 

To  Mr.  NICHOLSON. 
SIR, 

\  OUR  cotrespondent  w)io  s'lt^ns  himsi-ir  Justus  in  your 
liwt  number  seems  to  possess  cvnsidi'iabk  acquaintance^ 
«ritb  the  subjects  of  his  siiiinadvei>,iuii ;  but  in  regnrd  lo  ti, 
oximuriatic  and  muriatic  ucid  at  page  73,  bis  dutaarede- 
fective,  and  the  principles  of  his  mlculutimis  ntv.  (o  me  alto- 
gether unintelligible.  It'  be  will  explain  the  nmuiier  uf  hit 
calculation,  I  shall  probubly  on  some  future  ocL'aaioQ  leply 
to  hiij  difl*ereut  ia()uiriei  uiid  observations. 

I  refnaini  yoursi 

J.  DALTON. 
Manchester,  Jan.20l/i,  181t. 


XII. 
4a  Aaalysisof  Fluor'Spar.    By  Tuohas  Tuousu.n, 
*      M.  D.  F.  R.  H.  E*. 


-S[)ar  hnsbeen  long 
luty,  and  the  ease  w 


ind  Fluor  5 


'X'hE  mineral  called  flu. 
valued  ou  account  of  iti^  bi: 
can   be  turned  on  the  lathe 

ful  utensils.  It  occurs  chiefly  in  veins,  and  very  frequently 
accoinpuuies  lead  ore.  Some  of  iu  proiierties  have  been 
described  more  than  a  century  ago,  us,  for  example,  its 
phosphoresi'ing  when  healed,  and  its  corroding  gUsa  whett 
mixed  with  iiulphuric  or  nitric  ucid.  Bui  it  is  not  forty 
years  since  its  composition  was  discovered  by  Scbeele,  who 
denioiiiirvted,  that  it  is  <:anipi>sed  of  lime,  and  a  peculiar 
acid,  culled  fluoric.  Chemirts  non  dietinguith  it  by  theorflu 
name  of  fliiate  of  lime.  '"'■ 

Hitherto,  no  chemical  analysis  of  this  suit  has  bfcn  pub-  No  x 
lithed,  except  a  »erv  incorrect  one  by  Kirwan  and  Gren,  '""'r 
•bich  has  been  ascribed  to  Scheele,  though   !  cannot  fi^j  !-"  P-i*""**- 
it  in  any  ofhis  dissertations  on  fluor-spHr.     By  that  Roulj-sis, 
it  i«  made  to  contain  S?  pT  vnil  of  water,  n  proportion  very 
inconsistent  wilh  the  properties  of  nalive  fluale  of  lime, 
•  Fcuni  ihe  Tnnticiigni  of  ihi  WtrneiUn  Socleti. 
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which,  when  strongly  heat«d  in  a  wind  furnace,  loses  at  an 
average  only  ^rrth  part  of  its  weight.    The  obvious  ioac-* 
curacy  of  the  aualyus  given  by  the  authors  just  mentioned 
Itxperimeou    induced  me,  to  make  a  set  of  experiments  on  it  last  sum- 
^-  mer(l807).     I  selected  the  purest,  transparent,  colourle^ 

cry6tal,  which  I  found  by  repeated  triaU  to  be  very  nearly 
pure  fluate  of  lime.     When  reduced  to  a  fine  powder,  and 
^"^^d*      digested  in  nitric  acid,  I  found  in  the  acid  only  a  Utile 
lime,  owing  doubtlens  to  the  partial  decompoikition  of  the 
fkiate,  and  minute  traces  ot  iron  and  lead :  these  two  me- 
tals 1  dete^ed,  by  evaporating  the  nitric  solution  to  dry- 
ness, heating  it  to  redne.-s,  and  then  dissolving  the  re^idiie 
in  muriatic  acid.     The  colour  of  the  solution  showed  the 
presence  of  iron,  and  a  few  necMeform  crystals  of  muriate 
of  lead  were  deposited  after  the  solution  had  stood  for  some 
days.     The  fluate,  which  £  used,  hud  been  dug  out  of  a 
leud  mine  in  Northumberland,  and  small  crystals  of  suU 
phuret  of  lead  were  here  and  there  to  be  seen  in  it.     Proba- 
lily  some  one  of  these  had  escaped  my  attention,  and,  by 
being  mixed  with  the  fluate  which  I  itsed^  occasioned  the 
appearance  of  the  lead,  which,  however,  did  not  amount 
to  s^TT^h  part  of  the  salt,  and  therefore  could  not  occasion 
any  sensible  errour  in  the  subsequent  analysis. 
Fused  ffueat--     ^  ^^^^  tned  to  decompose  the  fluate  of  lime,  by  fusing  it 
edly  wi)h  car-  with  twice  its  weight  of  carbonate  of  potash  in  a  platinum 
bonaie  of  pot- ^,j.ypj^|g^     Only  a  small   portion  of  the   fluate  was  decom- 
posed.    I  was,  therefore,  obliged  to  repeat  the  fusions  very 
often,  washing  off  the  alkali  after  each  operation  by  means 
of  wnter,  and  then  dissolving  the  carbonate  of  lime  formed, 
in  muriatic;  acid.     Fatigued  with  the  tedioui^nesiS  of  this 
method,  and  despairing  of  au  accurate  result  from  the  great 
number  of  successive  solutions,  I  abandoned  it  altogether, 
and  adopted  the  following  method,  much  more  expeditious 
and  equally  precise. 
100 fniins di-       From  amass  ol  fluor  spar,  which  I  had  ascertained  to 
gested  In  sul-  contain  no  sensible  portion  of  foreign  matter,  1  separated 
^  '      100  grains,  which  I  reduced  to  powder,  and   digested  for 

some  hours  in  a  platinum  crucible,  with  rather  more  than 
an  ounce  of  pure  concentrated  sulphuric  acid.     The  mix- 
ture was  then  evaporated  to  dryness,  and   the  crucible  ex- 
posed 


posed  for  an  hour  to  a  strong  heat,  iu  a  wind  furnace.  .  To 

ensure  the  complete  decoroposltipu  of  the  fluor«  the  maw 

tvas  reduced  to  powder,  and  treated  a  second  time  in  the 

same  manner  with  another  ounce  of  sulphuric  acid*     The  8*^  tSfit  of 

residue,  which  was  white  with  a  nlight  shade  of  red,  proved  J^'^***' 

on  examination,  to  be  pure  sulphate  of  lime.     It  weighed        ^ 

156*6  grains. 

Noiv,  it  has  been  ascertained  by  the  most  cnreful  expert-  <^ntequentl^ 
ments,  that  sulphate  of  lime,  thus  violcutly   heated,  con-  contained 
tains  43    per   cent  of  lime.     Of  consequence,    the   whole  6^*^*8'*^ 
quantity  of  lime  in  156*6  grains  of  sulphate  is  67*34  grains.  ^*™*> 
This  is  obviously  the  whole  lime  contained  in  100  grains  of 
floor  spar  ;  and  since  that  mineral  contains  no  sensible  por* 
tion  of  water,  the  remainder  of  the  100  must   be   fluoric 
acid.     Flence  fluate  of  lime  is  composed  of, 

Linae 67.34  «tM  3S'66  Rv- 

Fluoric  acid  ••* 3'2'6G  one  adid. 


100-00 
This  result  diflcrs  very  materially  from  the  analysis  nU 
luded  to  iu  the  beginning  of  this  paper,  which  makes  tht* 
amount  of  the  acid  in  the  same  weight  of  spar,  only  H) 
grains,  and  the  lime  57  grains;  the  remainini^  27  gi'ains 
being  considered  as  water.  But  from  the  care  with  wltich 
my  experiment  was  conducted,  [  flatter  myfelf,  that  the 
result  which  it  exhibits  is  verv  near  the  truth*. 


SCIENTIFIC   NEWS 
Mr.  George  Singer's  course  of  Lectures  on  Electricity  Higt^^^j^^l 
and  Electrochemistry  will  commence  cn\  the  7th  of  Febru-  practice  ot 
ary,  at  the  Scientific  Institution,  Prince's  Street,  Cavendish  cluctncity. 
Square.     They  embrace  not  only  all  that  has  formerly  been 
doue,  but  the  most  recent  discoveries  of  Mr.  Davy,   and 
^Ir.  De  Laic's  analysis  of  the  Voltaic  pile,  an  account  of 
which  has  appehred  in  the  present  and  two  preceding  vo« 
lumesof  our  Journal. 

Si.  Thomases  and  Gvy^s  Hospitals, 
The  Spring  Courses  of  Lectures  at  these  adjoining  Ilos-  Medical  Lcc- 
pitals  will  commence  the  he^inuing  of  February,  as  usual,   turvs, 

TO  CORRESPONDENTS. 

Mr,  Moore's  and  Mr.  Giegor*s  communications  were  too 

late  for  the  present  number,  but  will  appear  in  oUr  next ;  as 
will  Mrs,  Ibbelson's  on  the  corollas  of  flowers. 

•  Since  the  prccediii'  paper  was  rt-ad,  I  Inte  seen  an  analysis  of  flnor*  The  feavAi 
spar  by  Kl.i(iroih|  in  the  4ih  volume  of  his  U.iirif^e,  crjxnlacted  in  a  v(*ry  axrcet  with 
diffc  cnt  nnnr.er  frdnt  M)>ne,  Uuc  l&i(l:ng  to  alnto»t  the  very  same  te-  Klapruth. 

suit.  H«  found  fluHte  of  lime  composed  of  67  J  lime,  and  32^  a«.i»i  — 
quantities  %hich  coincide  with  miuc,  wui>>(i  Ijh  than  1  per  ^lu.  ■•■* 
Not    lbU9: 


:    METEOROLOGICAL  JOURNAL, 

FfiT  JANUARY,  1811, 

Kept  by  ROBERT  BANCKS,  Mathematical  Instrument  Maker, 

in  the  Strand,  London. 


TH£RMOM£TCR. 

""      I — 

• 

DEC. 

B  A  ROME. 

TER, 

RAIN, 
noted  at 

WEAl 

rHER. 

m^  •^^^a 

• 

• 
3 

Dav  of 

«k 

• 

< 

• 

0. 

9  A.  M. 

9  A.M. 

Day. 

Nighu 

c^ 

-O) 

.  5-    ►^•a 

S8 

37  • 

35*^ 

39' 

29" 

30*08 

Snow 

Fair 

^9 

34 

34-5 

38.5 

28 

•36 

Hail 

Ditto 

30 

32 

32 

34 

27 

•50 

Fair 

Ditto 

31 

31-5 

32 

33 

26 

•50 

Snow 

Cloudy 

JAN. 

1 

30-5 

32 

32 

26 

•26 

Ditto 

Ditto 

2 

29 

30 

30 

24 

'04 

Ditto 

Snow 

3 

27 

29 

30 

21-5 

29-71 

Ditto 

Ditto 

4 

26 

28-5 

32 

23 

\go 

1 

Clouds  b 

Cloud^b 

5 

25 

CS 

30 

23-5 

•87 

Diit()<=' 

Ditto* 

6 

25 

26 

30 

24 

•80 

Fail* 

Fair* 

7 

27-5 

29'5 

29-5 

24 

•88 

Ditto 

Ditto 

S 

27 

27-5 

30 

25 

•84 

Ditto 

Ditto 

9 

29-5 

31-5 

32 

23-5 

•81 

• 

Snow 

Cloudy 

10 

25 

35 

35 

35 

•93 

Foggy 

Uain* 

11 

41 

37 

42*5 

34 

•68 

•130 

Fair 

Fair 

12 

40 

44 

45 

34-5 

'66 

Rain 

Rain 

13 

38 

44 

44-5 

40 

'65 

•060 

Ditto 

Ditto 

14 

45 

44-5 

47 

41 

•63 

•120 

Ditto 

Cloudy 

15 

45 

^7 

45 

32 

•62 

•OIo 

Fair 

Fair 

1() 

36 

38 

40 

37 

•86 

Ditto 

Cloudy 

17 

46 

47 

50 

34 

'77 

•045 

Cloud)' 

Ditto 

18 

41 

^7 

42 

32 

'77 

■ 

Rain 

Fair 

19 

35 

38 

41 

32 

30-32 

'020 

Di:io 

Ditto* 

^0 

Z^o 

34-5 

3G 

31 

•40 

Fair 

Diiio 

21 

35 

39 

40 

32 

•05 

Rain* 

Fogcry 

22 

35 

34 

37 

33 

•21 

Foggy 

Ditto 

23 

^T 

40 

41-5 

34 

•28 

Dittof 

Ditto 

24 

37 

38 

41-5 

33 

•42 

•010 

I'  • 
rair 

Fair 

25 

36-5 

za 

37-5 

28 

'50 

Ditto 

Cloudy 

2^ 

31 

41 

42 

37 

•26 

Ditto 

Ditto 

27 

40 

35 

41     1 

27 

29-61 

•030 

Ditto 

Ditto 

•430  Inch,  sinct  last  Joum. 
not  including  bnow. 

•  luterf eninf  foJ«.    *  Stormy,    •  Boisifrous.     •  Immeasurab'.e,      f  and  small  raUu 

^  Efroinm  last  Joumal.^D^c.  25,  for  29*31  read  2()0O, 


Xic/uJion'i'  Phiiv*.  Jounutf.  I  ffWSirri .  V  /*JdJ 


y/) 


..   //fi/f/'/f   rf Arr/fr/iJ 


7 


lA^./. 


V/ 

/In  .-   !. 


H 


L 


•  /A/t^/rfir    r/  //rl.y^/fr/.-   ,y  •  ''M'/z-e'/'J 


',  ">,  ■■- 


■\" 


...V.  ..  •     -^,      ■^■^.  ■        .■»     ■    JL         H 


^ 


•  ^'*f'f*  ^ 


<■  'v* 


N.-- 


■■■/•/ 


—  -        * 


J)^. 


.^V/' 


/>5i^/^''  ■^.~m:^::.j^:± 


-^ 


^D 


Tzr- 


^-^^^ 


.>v./I^ 


•■••kW 


/ 


JOURNAL 


or 


NATURAL  PHILOSOPHY,  CHEMISTRY, 


AND 


THE  ARTS* 


MARCH,  1811. 


ARTICLE  I. 

€n  the  Motion  of  Rockets  both  m  tfonresUting  and  Resisting 
Mediums.    By  W.  Moore,  Efq. 

(Continued  from  voL  XXVILy  p.  285.^ 

To  Mr.  NICHOLSON. 
Sis, 

J^N  my  last  paper  on  Rovketv  I  ascribed  the  invention  of  latmtion  of 
those  now  used  by  the  Englibh  to  Colonel  Congreve  .-—My  ^^>^7  «^^ 
assertion  rests  in  the   fuct  that   this  gentleman  hat  been 
rewarded  by  government  for  the  discovery;    and  my  own 
conviction,   that,  anterior  to  lucb  reward  being  granted, 

y       Vol.  XXVIil.  Nu.  l2d.-*iVlA]i.  1311.       M     a  proper 
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a  proper  enquiry  could  not.  Imt  hftve  been  instituted 
ceming  his  pretensions. 

I  herewith  send  you  a  further  continuation  of  my 
on  the  motion^  &c*  of  these  machinesy  which  I  hope  will 
be  found  worthy  your  acceptance ;  and  am. 


Sir, 


Your  much  obliged  humble  seirant. 


W,  MOORE. 


Royal  Academy,  Woolwieh, 
Jan.  1811. 


Paop.  IL 

To  determine  the  path  of  a  rocket  near  the  EartVt  surface, 
neglecting  the  resistance  of  the  atmosphere. 

Ftth  of  a  If  during  the  time  the  rocket  was  on  fire,  the  weight  of 

aoDreshting  ^^^  whole  mass  remained  coaftant,  the  path  of  the  rocket 
medium.  would,  by  mechanics,  be  a  straight  line:  but  this  being 
not  the  case  on  account  of  the  continual  wasting  of  the 
matter  which  feedf  the  flame  of  tlie  rocket,  the  accelera- 
tive  force  of  the  body  will  be  different  at  erery  instant; 
and  therefore,  since  the  uccelerative  force  of  gravit}'  (as  we 
will  suppose)  is  constant  to  the  height  which  rockets  gene* 
rally  ascend,  the  rout  of  the  rocket  will  consequently  bef 
curvilinear  one. 

Now,  altlmugh  gravity  acts  to  impel  the  rocket  from  a 
straight  course,  yet  it  does  not  hinder  the  same  from  arriving 

at 
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tt  a  line  pirallel  to  the  direction  in  which  that  force  it 
exerted  in  the  same  time  that  it  would  hare  done  by  the 
•ingle  action  of  its  own  impelling  force.  Therefore,  in  or- 
der to  determine  the  cnrve  which  the  rocket  will  describe 
under  the  true  circumstance  of  its  motion,  let  us  suppose 
that  if  gravity  had  not  acted,  the  rocket  wonld  hare  arrived 
at  C,  PI.  V.  fig.  I,  in  (he  line  of  its  tirst  directior  A  C  in 
he  time  r.     Then  in  this  case  we  shall  have  (Prop.  1.)  the 

be 
tpace  described  in  the  time  i,  namely  A  C  =i  x  =:    ■         x 

r  X    ,     ci^  cU^  c'<'  c^<*       .   0,    \ 

Or  multiplying  by  -r —  (—  suppose  Q)  and   calling  the 

u  C 

coefficients  of  the  several  terms  of  the  series  A,  B,  C,  &c« ; 
it  will  be  Q  X  =  <*   +  A  I'  +   B  I*  +  C  l»  +  D  <•  + 

kc. ;  which  reverted  into  a  series  of  x  is  #  =  Qxr '^ 

+  &c.=Qix(*^-^.Qi,+  iil^.  Q  ,«  + 

3AB  — 2A*— C    ^1.,.     ,      ,      .         ,j       .,_ 
.  Q*  X   +  &c.) ;  the  time  of  descnb- 

ing  the  distance  x  along  A  C  from  the  commencement  of 
motion. 

Now  C  D  (^)  being  the  distance  descended  by  gravity  in 
the  same  time ;  we  theiefore  get  \  ^  y  (omitting  the  jV)  for 
the  time  of  the  rocket's  describing  C  D  by  the  force  of 

gravity :  and  consequently  i-/y=Q*x  (*    —  ^.  Q 

X  + Q  X    +  fcc.  J 

Hence,  kncwing  the  equation  which  subsists  between 
AC  and  C  D  the  track  which  the  rocket  describes  may  b^ 
drawn  ;  for  it  will  only  be  necessary  to  give  some  valoe  to 
X  in  order  to  determine  the  corresponding  value  of  y,  and 
to  lay  off  this   upon  C  D  drawn   perpendicular  to  A  B» 

M  ^  tad 


and  thns  fiadiog  teveml  p^i^if  of  the  curTc,  tbc  cvrttt 
itself  may  be  c|«tcribed. 

We  btve  here  suppoyed  grevity  to  act  in  parallel  lineat 
which  ift  not  strictly  true ;  but  tbe  distaoce  to  which  a 
rocket  raogea  on  the  earth*8  surface  being  so  Tery  amall 
eocD|iared  with  its  circQnifereuce»  the  errour  arising  from  the 
contiaiy  supposition  will  not  in  any  oiat«rial  degree  a  Act 
4>ur  conelosionsu 


Prop.  III. 

Tojind  the  telocitif  of  the  rocket  in  the  curve  mt  any  gisem 

instant. 

Velocity  of  a       In  the  precedUng  diagram  let  A  C  rr  x,  and  A  D  :r  x  being 

rockti  »t  any  ^jj^  spwc  described  by  the  rocket  in  the  time  I :  Then  call- 
given  tune.  * 

iog  the  velocity  at  C  (=  6  X  hyp,  log.  ■    ■  (Prop.  1.) 

an  —  c  t 

V  ;  the  velocity  at  D,  in  the  curve,  will  be  expressed  gene- 

rally  by  —:— »  following  from  the  laws  for  the  resolution  of 

moUon*     Now  by  the  laws  of  falling  bodies  in  vacuo  C  D 

%zz  g  t^i  and  putting  k  and  /  for  tlie  natural  sine  and  co^ne 

(to  rad.   1.)  of  the  angle  C  A  B  of  projection  ;    we  shall 

have   A  B  =  /  a:,  C  B  =  ft  X,  and  D  B  (the  ordinate  of 

the  curve)  zzkx^gt^.  Therefore  i  =  ({k  x^^gt  t)* 

X     V,      Again   by    the    theory    of    variable    motions    x 
=  V  f.  Con.;q«e„tly  .  =  (■/*  V  «'  MA:V<  -g/r^Ty 

X  V  =  (  V  /•  +  (*  V  —  2^  ^y  iz  (^6*  X  (hyp.  log. 

— ^— y  +  (ik  6  X  hyp.  log.    —^ 2  g  I*)  V 

the  velocity  of  the  rocket  at  D ;   which  wants  no  correction  : 
because   ^rlun  e  =  o^  /  =  0|    and   the  whol«  vanishes: 

therefore 
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therefore  w  =   T/'  6*  X    Tliyp.  log.  ^  ^^     ^     +  (Jfcft 

When  the  angle  of  projection  is  gO*,  t  zz  0,  and  A  r:  I : 

therefore  o  in  this  cate  will  be  6  X  hyp,  log. ^  — 

f  ^  / ;  as  determined  in  Prop.  1 :  and  when  A  =:  0,  or  the 
action  of  gravity  is  0,  the  velocity  of  the  rocket  in  its  rectili- 

near  path  is  &  X  hyp.  log. — — ^  which  agrees  with  what 

has  already  been  observed. 

Prop.  IV. 

To  find  the  horizontal  range  of  the  rocket^  having  the 
angh  of  ebca^iam  o/  the  engimet  and  the  time  the  rocket 
is  oujire  given. 

Let  D,  fig.  2.  be  the  place  of  the  rocket  when  all  the  Honsontal 
wild-fire  it  contains  is  just  exhausted;   and  C  m  and  C  »  nng€  of  a 
the  measures  of  the  velocities  of  the  rocket  in  the  directions  "^^'^ 
A  C  and  D  I,  the  latter  of  which  is  a  tangent  to  the  curve 
at  D  :  then  by  trig.  sin.  ZCii»i(=iiCB  =  lDB)=: 

Cm  Cm 

7- —  X  sin.  Z  C  m  »  =:  ;^ —  ^    co-sin,   of   the    ande    of 

Cii  C»  ® 

Vel.  at  C 
elevation  of  the  engine  =  ^^^  ^^  ^  X    co^in.  of  the  Z 

CAB.     Whence  calling  the  velocities  at  C  and  D,  V  and 
9  (computed  from  the  3  Prop.)  we  have  sin.  Z  1  D  B  = 

V  . 

—  ><  co-sin.  Z  C  A  B.    Since,  then,  we  have  found  the 

V 

Z  I  D  B,  it  will  be  easy  to  determine  that  part  of  the  ranga 
denoted  by  B  L.     For  the  curve  from  D  being  a  parabola 

D  H  =: ,  and  V  E  =:  "-- —  *from  the  laws  of  projee*  ■ 

g  4g  «"   J 

tiles  in  vacuo)  ;  where  «  and  u  represent  the  sin.  and  co-sin. 

of  the  Z  I D  H  =:  Z  I  D  B  _  90* ;  consequently  V  F  = 

VE  +  EF=VE  +  DBzz'^^+kx-^gi^imhmof 

X  is  given  by  the  first  proposition. 

Again, 
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Again,  by  the  nature  of  the  parabola  V  E  :  V  F :  :  E  H* 
:FL»  =!^  x('-^+*x-^l«);  and  F  L  = 

^  X  Q~  +  kx  —  g  I'.y   Wheace  A  L  the  cnUre 
range  (;=FL+  BF +AB)  =  ^(^  +  **_,l«y 

s  u  V^ 
+ 1-  /  X  which  wa«i  required. 

For  an  example  in  numbers :  suppose  the  engine  from 
whence  the  rocket  is  thrown  to  make  an  oogle  with  the 
horizon  =  45'' :  and  let  all  other  things  rt-main  as  in  the  liret 
proposition.     Then  v,   the  velocity  of  the  rocket  in  the 

curve  at  the  end  of  its  burning  =r    (/*  6*  X    (hyp.    log. 
^y>^  (*ft+byp.  og,^^- 6^)')*  = -•44790^4 


+  4080400  =  \/8559434  =  2925*6  ;  and  sine  angle  I  D  B 

X  CO-SID.  Z   C  A  B 


:=  —  X  co-tm.  Z  C  A  B  r: 


9925*6 

=:  134?  6'  38".  Whence  angle  1  D  H  =r  44""  6  38" ;  the 
nat.  siua  and  CO  -  sin.  of  which  are  *6960 172  add  "7180251 
z  «aud  u  respectively  :  and  the  values  of  the  letters  in  the 
above  expression  for  the  range  collectively  are  at  nnder. 


1  =       -696 

u  =       -718 

V  =:  2925-6 

k  =     7071 

/  =     -7071 

X  =  4159-6 

g  =  1« 

<  =  3 


Whence  the  range  itself  is 
readily  found  =  273116*29 
feet  or  51*72657  milea. 


■ 

^    Ok  the  Motion,  ^c.  of  Rockets  in  a  resisting  Mediums. 

Prop.  Y. 

Motion  of  a  ^^^  Strength  or  Jirst  force  of  the  gas  from  the  inflamed 
locket  in  a  cowpofiftoM  of  a  roekei  being  given  j  as  also  the  weight  of  the 
jwlMing  me-  ^^,/y  of  tongfosition  the  rocket  containe,  together  with 

thf 
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Me  time  of  ii9  bumhtgt  and  the  weight  and  dimentioms  qf 
the  rocket ;  to  find  the  height  to  wkkk  it  will  riie  in  the  ai^ 
mosphere  if  thrown  perpendieularlif,  and  a/eo  the  veloeUff 
acquired  at  the  end  of  that  time ;  the  law  of  resistance  being 
supposed  to  tary  directfy  as  the  square  of  the  velocity ;  astd 
the  lamina  of  the  composition  to  fire  uniformly  and  to  bum 
parallel  to  the  rockeVs  base. 

Put  ID  =  weight  of  the  case  of  the  rocket  and  head 

c  =  weight  of  the  whole  quantity  of  matter  with 

which  U  is  filled 
a  =  time  in  which  the  same  it  coDsuming  itadf  viih 

fbrmly 
n  ==  230  OZ8, 
s  zz  1000 

d  =  diameter  of  the  rocket's  hase 
X 1=  P  D  the  space  the  rocket  describes  in  the 

time  t 

V  =  the  acquired  velocity  in  that  time 
Ri=  the  resistance  of  the  air  to  the  rocket  when  moT^ 

ing  with  a  velocity  of  b  feet  per  second 

Then  &^ :  v* : :  R :  -r^   the  resistance  at  D;  and  const- 

quently  ifitfcf* — (m ) ^  (see  Prop.  1)   will  bt 

the  motive  force  ef  the  rocket  at  D  in  this  case;  and 

(*ii«d*6*— Rt*)a       ,    .  1      ..      r  m,_      -. 

' — ; ■., 1  the  accelerative  force.    Therefort 

(am  — 1<}6* 

^     ^.       [sned'b*—'Rv^^ga£ 

nf^<lgft  =^ ; ^r-^T-2 2g/.  or  put- 

(am  — cf)6  ^  ^ 

ting  ^agY^sned  V'zzhy  ^ag'Kzik^  amfr*  =  /andt6* 


=Pt  we  shall  have  <£r  =  ■  —  g«r|*;  and/v— pC4r 

I — pt 

ziht  —  * »* /* —  2 g" / ^'  +  9,gpt(\   and  further,  putting 

h^'^glziq  to  render  the  expression  as  simple  as  possi« 

ble,   It  will  be  Int  —  pl^  — 9  1  + ^o*  l'+  Sgp^'';=«; 

where  r  may  be  determined  in  terms  of  t  as  follows; 

Assume  %•=:  kt-V  B  I*  +  C  *'  +  D  I*  +  E  I*  +  |cc. ; 
then  making  t'z:i\\   we  have  4ri;A-f2B<-f3Cl*  + 

4D 
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4Dl'+6E<^+te.:  and  flubtdtuting  these  in  the  givtD 
•qnation  it  beeomet  at  below ;  Dftmelyv 

/  V    =:/A  +  3/B#-hd/Cl'+4/D/«4.5/E<*+  &c. 
— jiI4f=  — pAl— «pB/*— SpC/'— 4pDl*—  &c. 

—  91=— g 

A  w*l'  =  —  *  A*  !•  — 2*  ABl»—  («  A  C  +  B») 

3*P'=:         «fP' 

By  adding  which  we  evidently  obtain 
o        z:  0  0  0  0  o 

ft 

Whence^  equating  the  homologous  terms,  to  find  the 
quantities  A,  B,  C»  &c.  they  become 

^=? 

-a? 

E= -^ 

See.  he. 

Therefore  the  fluent  required  is  ©  =  ^-/  +^^~^I  ^t*+ 

PV-2^/p*+*9*         p»y— 2/p»g4-2^py*— 2yAr/p7,^  . 
^M '  + ■ J^ <*+ 

1'  4-  &c.    And  hence  the  space  x  is  readily  found  =  -9L  1*4. 
pq—9gip^t .  P*9  — ^g^P*+^y\4j^P^y~g  Vy+^*P9* 

— £-2/'  +  ftc  ;  where,  making  f  zra  in  both  expres* 

lions,  the  iralues  of  9  and  x  as  required  by  the  proposition 
will  be  determined. 
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Scholium. 

Id  this  solotion,  the  resistance  of  the  air  to  the  rocket's  SchoUusi. 
motion  is  supposed  to  vary  directly  as  the  squute  of  the  Te- 
locity ;  an  hypothesis  which  experiments  disprove  when  ap- 
plied lo  military  projectiles  with  cannon  nul^:  but  it  is  to 
be  appretiended,  that  in  the  motion  of  rockets  the  deviation 
from  thi^  law  is  scarcely  to  be  regarded,  since,  what  takes 
place  in  the  flight  of  shot  and  shells  to  violate  it,  is  in  a 
great  measure  obviated  in  the  rockets,  by  the  extreme  heat 
of  the  flame  that  rushes  from  them;  this  rarifying  the  am* 
bient  air  promotes  the  motion  of  the  particles  striking 
the  head  of  the  rocket  towards  its  hinder  parts;  and 
since  it  is  only  the  immediate  motions  of  such  particles 
backwards  that  can  cause  the  law  to  obtain  (for  it  would 
obtain  correctly,  if,  after  the  impact  of  the  particles  they 
had  no  power  to  impel  others  lying  before  them,  but  either 
glided  off  from  the  surface  struck,  or  had  their  force  anni« 
hilated  by  it  at  the  moment  of  striking)  it  is  to  be  expected 
that  the  conclusions  here  brought  out  which  are  grounded 
on  this  law  of  resistance,  will  be  found  to  agree  pretty  cor* 
rectly  with  the  results  determined  from  ex[ieriment* 

But  if  they  should  not,  let  then  the  law  of  resistance  be 
as  the  fith  power  of  the  velocity;  and  the  method  of  solu* 
tion  will  remain  precisely  tiie  same  as  before.  For  it  is 
only  the  fourth  equation  inthe  prec<rdin«^  process,  namely, 
Jbe"  (*  =  &c.  that  will  vary  or  beeome  aflected  by  any  devi* 
ation  from  the  law  we  have  assumed;  and  therefore  when 
this  shall  have  been  settled  by  experiment  (the  only  way 
in  which  it  ever  can  be  settled),  and  the  absolute  resistance 
determined  in  any  one  case  of  velocity,  and  the  real  strength 
of  the  rocket  composition  ascertained ;  then,  and  not  HO 
lAen,  shall  we  be  able  to  offer  any  unerring  rules  to  the  mili- 
tary practitioner. 


II. 
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II. 

T%e  beautiful  Tint  of  Flowers  acquired  by  the  same  Memu 
ihat  paint  the  Hainbous*  in  a  Letter  from  Mrs.  Agnw 
Ibeetson, 

To  Mr.  NICHOLSON. 
Sir, 

l^jji^gjj^  ^  -laS  I  mean  to  dedicate  tlie  present  year  to  the  consider" 

«be  cnroUa  of  utiou  of  the  interior  of  plunU  in   {general,   I  cannot  better 

****^'  l)egin  it,  than  by  j;ivin^  to  the  public  the  dissection  of  the 

corolla  of  flown  St  a  subject  in  itself  so  very  curiouK»  that  I 

srnrctly  know  any  in  botany  (where  utility  is  not  eoiicerned) 

that  more  merits  the  attention  of  the  inqui&itive.    By  taking 

the  petal  of  each  different  sort  of  flower,  and   sphttin<;  it» 

drawing  off  the  upper  and  under  skins,  and  leaving  only 

the  pabulum  or  middle  part  to  be  examined  singly,  and 

then    magnifying   each   skin   alternately,   the  most  exact 

result  is  gained;  which  I  shall  now  lay  before  you. 

ttiah  of  fti>  -      '^^^  petals  of  flowers  owe  none  of  their  beauty  to  the  co- 

«rs  ^rive  ihuir  lour  that  paints  thpm,  which  is,  when  drawn  off,  dull  and 

knnfy  from     ^cod:  uor  do  they  owe  their  brilliant  tints  to  the  lA-itt  that 

iSie  aqueous  >' 

l^rficlcs  in  covers  them  :  but  the  greatest  part  of  their  loveliness  is  de- 
paboium.  ^ved  from  the  huhhles  of  water ^  that  compose  their  pabu- 
lum. Receiving  the  sun*s  rays  they  are  enlivened  and 
brightened  by  the  reflection  and  refraction,  from  those 
drops  of  water^  and  from  that  spot  of  light  seen  in  every 
bubble  of  water,  and  strikln^r  to  the  focus  underneath  them ; 
by  which  means  the  whole  flower  ^unld  at  times  be  a  blaze 
of  light,  had  aot  nature,  to  soften  it,  covered  the  petal 
with  an  upper  and  under  skin,  which  curtails  their  dia- 
mondhke  niys,  and  leaves  them  only  a  lightness  and  beauty 
uuec|ualUd.  Uncovered  they  would  resemble  the  rainbow 
formed  by  the  same  means  (though  coloui-ed  by  the  division 
of  light)  :  but,  tiliadnd  as  they  are  with  a  gausehke  matter, 
they  acquire  a  more  chastened  tint,  and  are  equally  delight- 
ful, without  being  oppressive  to  the  sight.  It  must  be  re- 
^lufiobered,  that  I  treat  only  of  flowers  which  have  res^uhf 

petals, 
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petals^  and  touch  not  on  the  cryptogamiae*  or  any  thut  pot> 
seas  not  those  direct  parts. 

Takin;;  th«  corolla  of  flowers  in  thii»  strict  sense,  they  FWe  kind^  nf 
may  be  divided  into  five  difierent  sorts:  the  thin  petal*  such  ^^'^^ 
as  the  rosa ;  the  moist  petal  as  found  in  the  hyacinihus ;  the 
velvet  denoted  by  the  vioia  tricolor,  and  sweet  scabiona ; 
the  thick  pptsl  by  the  magnolia  and  iilium ;  and  taktly,  the 
everlasting,  by  the  xerHnthemum. 

*  The  petuU  of  most  flowers  differ  from  leaves  in  many  r^  Fetsis  dHI^ 
spects,  but  particularly  in  one  essential  point;  in  leaves  the '"*•?  le**«i» 
coloured  part  is  within»  and  the  upper  skin  (even  of  the  ^«|Qg  cstorml* 
darkest  leaves)  is  white ;  but  in  flowers,  the  coloured  part 
ii»  without,  and  the  white  is  within  ;  for  almost  every  flower 
(the  orange  excepted)    have'  their  pabulum   or  interior 
white. 

Most  thin  petals  (which  I  shall  first  describe),  have,  like  ^i^  i^^i^ 
the  rose,  when  its  upper  surface  is  peeled  off  and  examined*  j^  ^^^ 
an  extremely  thin  skin,  in  which  are  tiny  bladders  of  pink  « 

liquid,  woven  in  a  sort  of  guuselike  texture.  But  when 
this  is  takeu  ofl',  it  displays  a  pabulum  of  white  or  rathar 
water  bubbles,  to  which  nature,  (to  lessen  the  brightness,) 
has  added  two  circular  white  lines,  which  give  a  tenderness 
to  the  pink  impossible  to  describe.  The  common  violet  is^p. 
formed  in  the  same  manner;  but  the  darker  colour  and  TioJst. 
thicker  skin  lesssen  the  sparkling  of  the  water. 

To  prove  that  bubbles  of  water  are  the  cause  of  the  Experiment i» 

beauty  that  flowers  generally  transmit,  either  in  vivid  flashes,  show  how 

or  tender  tints,  to  the  retina ;  take  the  dullest  colour  that  »u<j|».<»|o"» 

sre  ongntfiiiaa 

was  ever  painted,  and,  filling  a  small  glass  bubble  with  wb«  by  thetun** 
ter,  let  the  rays  of  the  sun  fall  through  it  on  the  colour,  ^^  l!*""}!** 
and  it  will  become  the  brightest  and  most  beautiful  ima*  water, 
ginable;  and  exactly  resemble  the  t|nt  of  flowers.     It  was 
this  discovery,  that  made  me  more  than  live  years  ago  dedi- 
cate a  whole  summer  to  dissecting  the  petals  of  flowers, 
which  I  suspected  to  be  beautified  and  enlivened  by  water. 
I  then  proved  my  ideas,  were  just,  that  their  tints  were 
formed  by  colours  transmitted   through  water,   and  like 
clouds  and  the  rainbow  owed  their  perfection  to  this  cause ; 
but  I  shall  recur  to  this  subject  at  the  conclusion  of  mj 
letter. 

Tfct 
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Moist  pcuL  The  Mcond  or  moist  petal  is  »•  61Ied  with  water»  that  ift 
only  excites  oar  astuDishment  how  such  a  thin  gaaselik« 
matter  can  contain  such  a  quantity  of  liquor ;  and  yet  the 
flower  reposes  on  the  hand  without  wetting  it*  No  person 
can  examine  it,  and  not  see  that  it  owes  its  sparkhng  ap- 
pearance to  the  water  it  cou tains ;  for  when  we  look  at  it  in 
the  sun,  it  almost  dazzles  the  eyes.  When  I  said  that 
flowers  owed  the  beauty  of  their  tints  to  the  bubbles,  1  did 
.  not  mean  all  their  charms:  there  are  other  arts  by  which 
they  shine,  and  well  deserve  that  encomium  oar  blessed 
Lord  bestowed  :  **  not  Solomon  in  all  his  glory  was  arrayed 
like  one  of  these.*' 

Velvet  peul.  The  velvet  petal  I  was  long  discovering  the  formation  of. 
I  saw  it  differed  from  every  other,  yet  could  not  understand 
how,  as  it  was  evidently  iu  the  upper  surface;  for  when  thia 
was  taken  off,  its  pabulum  resembled  that  of  the  rose:  but 
patting  it  a  little  sideways  in  the  solar  microscope,  I  soon 

Its  sfTurtcre.  fMnd  oot  tko  secret*  A  vessel  extremely  diminutive  is  car- 
ried op  and  down  in  a  scallop,  as  at  m  0,  PL  V,  fig.  10,  and 
each  of  the  upper  points  divided.  Why  this  produces  such 
extreme  softness,  it  would  be  very  carious  to  inquire.  The 
fact  however  is  certain  ;  it  is  by  this  means  we  make  velvet, 
chenille,  &c. ;  it  is  this  that  causes  such  extreme  softnesein 
feathers  in  general ;  \n  miniature  painting  it  is  this  makea  « 
stroke  so  mnch  softer  than  a  dot ;  and  is  it  not  the  down  on 
the  cheek  of  beauty,  whirli  ff\ves  so  exquisite  a  softntrss, 
cbnt  paint  must  directly  destroy  ?  Is  is  that  the  ray  of  light, 
instead  of  being  repelled  or  absorbed,  is  reflected  down  the 
scallop,  and  therefore  declines  by  degrees?  It  is  curious 
that  oar  method  of  making  velvet  should  be  precisely  the 
same  by  which  these  flowers  are  formed,  so  that  the  study- 
ing of  nature  would  have  taught  us  that  art.  But  how 
many  secrets  may  she  not  teach,  if  she  was  pursued  wit-h 
avidity!  To  proceed,  this  scallop  is  found  in  every  flower, 
which  has  this  velvetty  appearance,  though  in  some  it  i» 
d«eper,  in  others  less  deep,  and  therefore  not  so  soft:  still 
it  is  always  a  scallop* 

Thick  pscul.  The  next  petal  I  am  to  explain  is  the  thick.  It  is  com- 
posed'of  a  thick  but  double  surfuce  skin;  the  pabulum 
having  fonrteen  or  sixteen  layers  of  extremely  diminutive 

round 


round  bnbblM,  placed  in  row*.  If  the  kut>  tuMt  «n  tbe 
mn^noliH.  wbtn  thv  aurfoce  i«  taken  ofi'.  ti  mIH  thiiw  lik«M 
nuiy  tittle  Mnrs.  Sometimes  the  n|i)ier  skin  i«  in  twtai 
bladderit,  yometimei  Ium;;  ;  but  the  Ibrmer  produces  tbe 
tnMt  brilliant  nppetirnnce.  Th«e  thick  Bowers  alway*  dt* 
rty  th«  soofiest,  as  the  little  water  they  rontUD  u  quickly 
etnporateil, 

Thee»«!«sting  in  it*  nnme  decUrt*  its  nature.  Unlike^" 
«l]  the  re«t,  it  rvtaina  a  part  or  its  beauty,  and  owea  it  to  it* 
beiiig  colanrpd  bjr  a  poieder,  instead  of  water,  I  fotiail 
little  eUe  in  the  bnbblt-*,  which  ur«  loiif;.  and  have  a  veiy 
thin  pabulum.  But  to  show,  that  some  or  our  flawen  mity 
«we  their  (leuuty  to  othtrr  contrivatices  brvide  weter,  I  shall 
name  a  plant  common  in  the  fieldt,  which  ^rmtly  iidnrni 
them,  and  i»  kaowii  by  the  vul{j;Hr  mime  of  butEerflower,  the 
ranuiicntni.  The  petals  appear  to  be  varnithtHt ;  but  tliii 
arises  from  a  powder,  which  exactly  resembles  calcined 
mai^nesiii,  and  lies  between  the  pabulnnt  und  u|>p«r  skiu. 
This  is  easily  proved  to  be  the  caune  of  iti  shining  appevr- 
»nee ;  (or  in  the  cluw  thi-re  is  no  white  powd«r,  nor  i*  there 
any  varnish.  The  powder  m  liie  rvertasliR);  llowari  is  pn^ 
bably  formed  In  the  same  manner,  and  of  the  bsme  natiKie* 
which  will  account  for  their  not  decayidt;:  thouj^h  ilie  n- 
iiiiiiculus  does  not  last,  because  the  |iabiiliim  under  the 
white  powd«r  is  full  of  water,  which  is  not  the  cnse  with  the 
everlastings. 

I  bIibII  next  drscribe  the  means  by  which  these  Ibin  Iran**  Mir 
parent  flimsy  bodies  arr  sustained  and  strengthened,  soBf  „  ^„ 
to  hmir  much  pressure,  and  to  preserve  Iheir  elegant  ^hapea  iiriTi 
often  in  spite  of  wind  and  roin.     In  describing  the  forB«>' 
tion  of  leHrt'B  in  u  former  letter,  I  mentioned  two  sorts  of 
vessel*  hclan(;)ng  to  tlieni,  the  nouritAiag  und  ipiral  veutts: 
they  eif  nally  be luni;  to  the  cornllit,  ond  enter  it  up  the  cJ«« 
of  the  petals,  the  Utter  Conning  alwuys  tlie  inidille  stroke* 
while  the  nourisiiiiift  vessels  adorn  ruch  side:  see   1*1.  V J. 
6g.  I.    It  is  u  hciinliful  provistud  of  iintare,  that  those  laua- 
vio  iliut  serve  to  turn,  to  open  and  ahut  the  flower,  in  »tiort, 
to  manure  it  in  every  way,  sItuulJ  u\»o  be  its  means  of 
UTcmittb ;  for  tl>e  tpiral  vessels  being  in  their  cases  «eiy  stiff 
•od  atren^,  wbeu  compared  toaperul,  tcrtutnly  serve  fliaa 
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double  purpose :  and  it  is  carious,  that  in  some  petnts  (tlw 
thick  for  example)  where  the  thickness  supplies  the  pWd 
of  support,  the  spiral  wires  are  often  found  without  a  case. 
It  is  in  watching  these  little  minute  circumstances  we  come 
«t  the  secrets  of  nature;  for  when  we  place  her  in  unnatural 
•ituationsy  to  understand  her  intentious»  we  only  draw  con- 
clusions to  deceive  ourseWes.  No  one  would  foe  a  moment 
doubty  that  these  spiral  wires  governed  the  petals,  who 
would  watch  them  for  hours  as  I  have  done  for  days  toge* 
ther,  I  have  seen  a  flower  suddenly  contract  its  muacles^ 
even  before  the  rest  of  the  corolla  could  obey  the  motion; 
seen  a  sudden  cold  air  draw  them  to  breaking;  or  seen  them 
expand  with  a  hot  sun,  or  on  being  breathed  upon,  till  tliey 
Muscla  of  tou\d  no  longer  obey  any  impulse.  I  know  not  any  better 
Howeti,  pieans  to  show  their  muscles,  than  exposing  flowers  either  to 

a  very  hot  fire  or  an  icehouse ;  both  extremes  act  equally.  The 
moment  they  contract  with  violence,  so  that  each  muscle  is 
seen  through  its  cover;  then  relaxing  at  once,  they  hang  like 
mere  wet  rag.  having  neither  form  nor  strength,  and  decay 
directly.  On  examining  a  dying  flower,  it  will  be  found, 
that  it  is  the  muscles  which  draw  the  petal  together,  and 
not  th^  skin,  t  know  no  better  flowers  for  showing  the 
power  of  the  spiraPwire,  than  the  deadelphian  tribe.  The 
art  with  which  the  banner  of  all  peaflowers  is  contrived  has 
always  excited  my  admiration.  How  admirable  the  manage^ 
ment !  and  when,  as  in  the  visia  faha,  the  case  -would  not 
be  strong  en<*utrh  to  distend  it,  there  is  formed  u  double 
and  treble  layer  of  vessels,  which  form  a  strengthening  piece 
for  the  whole,  and  which  the  case  hurrounds.  Observe  the 
strength  of  the  keel,  when  the  finger  is  pavsed  over  it ;  how 
admirably  it  is  contrived  to  wtthstmid  both  wind  and  rain, 
and  to  form  a  hollow  in  which  the  Htamens  and  pistil  are 
sheltered  from  every  danger.  Who  can  examine  the  wings 
•f  the  lathyrus,  and  not  be  struck  with  astonishment  at  the 
art  it  betrays?  how  much  thinking  would  it  cost  a  mechanic, 
to  invent  such  a  contrivance !  and  how  poor,  how  coarse, 
would  his  execution  have  been  1  Can  any  person  see  with* 
out  admiration  the  petals  of  the  iris  susiann,  Hod  the  ele- 
gance of  tho>e  folds?  But  I  bhould  never  Imve  done  if  I 
expatiated  on  all  the  forms  and  shapes  I  have  so  often  con- 
templated with  dcli|^ht,  and  dissected  for  the  sake  of  ad- 
miring 


'viriog  the  cunltiTUiice  of  ihe  wtiok :  il  i»  only  to  be  coiv 
feivcd  when  seen.  Bot  lo  my  dear  oout.ify»uintn  in  p»b- 
fular  1  would  recofnnieiid  such  ein|i1oynieiit:  1  <un  moU 
VDninUB  to  interert  aticl  excite  to  atudy  ihos^  of  my  onn  ns. 
"Vllo  tre  itiil  ignorHut  bow  much  pleHsuii;  U  utU>:hfd  to  itic 
^llevelo{ieioent  of  tl>e  liunmo  miod.  The-e  con t«n>(iU lion* 
ire  not  (luerile,  u  many  may  thinb;;  tlwy  8{)cui(  t«  the 

.  Let  me  now  turn  to  tha  Duobow,  nod  endeavour  to  sbow  Ffirtnitixn  •* 
fcow  exBCt  the  resemblniice   ii.     It  wouli)  he  snpcrfluou*  'lie  "mNiw 
here  to  enter  into  a  detail  of  ihi'  mtiniier  in  which  ihe  ruin-  cnUiunitwei 
bow  M  formed  Iiy  the  refroctiuQ  und  reflection  uf  (he  eulsr  fluwcn. 
tiya  by  dropii  of  water ;  and  bince  we  know  iJtia  lo  be  llie 
tue.  what  abould  prevent  flowers,  farmed  of  little  else  from 
KCMving  part  of  their  hues  by  this  means,  while  the  colour 
|iven  tlicui  ia  lacreused  and  embellished  by  the  watt- r  it  M 
Ken  through,  and  the  sparkling  light,   whtrh   pabeit  iulo 
Biott  petals  and  adds  to  their  beauty  ?     To  tfy  the  etiea  t 
got  a   quantity   of  extremely  «ma!l   glnss  bubbles  of  wutrr 
blown  t'or  oiei  and  placed  thrin  iii>  in  apetul — in  rows     Al- 
thongh  infinitely  larger,  yet  they  appeared  a  petal  exlremtly 
inagmlied.     I  then  covered  ihem  with  a  giiucc,  painted  lo 
represent  the  Duwer,  and  truly  did  it  iinitnte  the  sort  of 
brightoest  and  brilliancy  it  «a»  intended  to  rcpreseuta 

In  the  Jacobean  lily  the  sniface  ia  formed  of  un  extremely  jjcotiwo  Br- 
thiii  skin  of  red  li<iutd,  but  the  pabulum  in  compooed 
cf  round  bubbles  of  yellow  water,  which  together  appe«r 
«ron^e;  but  what  causes  that  fiery  bright  spark,  wbiih  oni- 
nates  the  whole?  the  prismatic  scarlet,  which  proceeda 
from  that  point  of  light  the  circular  bull  alwayi  gives,  and 
vbich  spnrkliiig,  has  puuled  so  many  botauiats?  This  i» 
.'^Bay  lo  be  seen  when  the  upper  surface  is  taken  off;  for 
}fl  then  really  dazzles  tlie  eyes.  What  causes  the  orange  |.i^  ^rH 
tint  in  the  lily  of  that  colour,  or  the  crown-iaipcriAl?  Ua  «ftjwr^Uu(«ri- 
firat  skin  ii>  red,  and  its  next  green.  I  appeal  to  any  |)aiiiler 
to  say,  whether  these  vill  muVe  orange?  aad  yet  the  flower 
)  is  truly  to.  Wliut  cause)  that  exquisite  tint  of  green  in 
.  the  amlromeda  pulveruleuta,  for  the  upper  skin  and  pabii- 
bimareall  «hitc?  probably  here  it  is  reflection,  vhUh  >t 
4ftcu  isj  at  the  bottom  of  a  flower,  or  the  dcei^eiuDg  af  a  bixl. 

Tl.« 
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The  bud  alten  not  its  colour,  b«t  iu  situation  it  changed* 
Paintf  Boito    and  much  will  depend  on  this.     How  many  times  have  I 

ti^ro  thcTiuiccs  '^^^  ^^^  *  ^^^^  ^^  ^  flower,  and  found  nothing?  in  the  least 
ttt  llowsfs.       to  resemble  it  ?    I  was  once  extremely  fond  of  painting, 
and  sought  iu  flowers  for  colours  their  beauty  tempted  me 
to  think  I  should  find.     But  bow  mistaken  I  was !    I  ac- 
cused my  own  awkwardness;   but,  after  many  trials,   was 
assured,  that  the  deception  was  in  the  flower,  which  owed 
little  of  its  beauty  to  the  liquid  that  inflated  it,  on  the  con* 
trary  I  was  then  convinced  I  must  seek  for  the  cause  elsewhere, 
for  in  no  one  instance  did  the  liquid  of  the  flower  serve 
even  to  stain  the  paper  of  the  same  colour  as  the  flower; 
and  when  used,  some  chemical  aid,  some  process  to  brighten 
and  preserve,  must  be  resorted  to;  for  it  is  always  dull  and 
poor,  so  that  no  one  could  guess  its  origin ;  a  proof,  that  the 
flowers  owed  not  their  beauty  to  the  liquid  colour,  but  to 
Chuiscs  In      something  that  aided  and  enlivened  it.     And  drying  flow- 
•?•*'**'*•*   ers!  what  things  are  they  when  done?    they  are  not  only 
Imd  in  themselves,  but  of  the  most  fatal  consequence  to 
botany,  where  flowers  are  consulted ;  for  they  change  their 
colours,  get  hairy,  and  undergo  many  more  alterations, 
which  deceive,  and  cause  the  most  nnpleasant  mistakes. 
Sacll  of  low-     As  to  the  sceqt  in  flowers,  it  is  very  easy  to  trace  their 
coauined  in     secretions,  being  iu  bladders,  and  always  divided  fhom  the 
Wadien,         other  juices   (as  in  leaves).     They  are  generally  fixed  be- 
tween the  upper  skin  and  pabulum  ;   though  in  some  few 
flowers   (as  in  the  geranium)    they  ure  to  be  found  in  the 
scallop  of  the  petal.     The  scent  is   in  every  fiower  an  oil, 
and  must  be  extremely  strong,  when  such  diminutive  blad- 
ders can  so  perfume  the  air;   if  we  could   gnin  it   pure,   it 
.wbkhhave      would  not  want  any  chemical  aid  to  strengthen   it.     It  was 

fotlxmncfTti,  *^^*  bladders  that  used  to  be  taken  for  the  largest  pores 

in  flowers. 

Difference  be-      1  have  now  given  a  short  sketch  of  corollas  in  general, 

^^°  nd^ra-  ^  *^*^'  finish  therefore  by  a  few  observations  on  the  pores 

poratioa.  observed  in  flowers;  and  endeavour  to  show  the  extreme 

difference  in  botany  between  the  two  terms   perspiratiou 

and  evaporation.     If  I  had  published  this  letter  two  years 

ago,  which  I  was  on  the  point   of  doing,   I  should  have 

Twowrtsof    *^^>  ^  ^^^  ^^^  botanists  do,  that  there  were  two  sorts  of 

porei 
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pores  ill  flowers.     But  I  have  now  too  deeply  studied  the  pore.*  suppofvl 
purt  to  be  loiisrer  deceived.      There  are   certainly  none,  *"  ^'-w'-f-j  *>"* 

r  9i  J  *  thcrn  arc  noHt. 

either  larj^e  or  unaall,  above  or  below  the  petal.     Take  the  Rostlcjfco- 
petal  of  a  rose,  and,  drawing;  off  the  upper  surface,  divest-  vered  wiih  a 
ing  it  of  as  much  pahiiliim  as  possible,  lay  it  on  your  finger,  *j^\1,J^  ^j-  ^ 
the  under  part  upperniost ;  with  a  clean   soft  rag  rub  the  porci^ 
part  as  lon^  as  yon  see  any  mark;   and  then  place  it  on 
the  ^lass  of  the  microscope.     If,  on  being  magnified,  it 
shows  any  black  pieces,  rub  it  again,  and  they  will  all  dis* 
a[>pcLir;  and  you  will   find   its  pinholes   were  merely   the 
impression  of  the  apertures  in  the  pabulum,  which  showed 
,  through  a  skin  of  buch   extreme  fineness,  that  it  can  be 
compared  only  to  gold  beaters  skin;  and  that  the  surface 
of  the  petal.s  is  formed  of  thN,  and  extremely  thin  pink 
coloured    bladders,  in    which    no  pores   are  to  be  found, 
that  are  visible  even  with  the  solar  microscope.     Du  Harael  found  alsoos 

thonrrht  he  had  found  this  sort  of  skin  on  the  inside  of  the  *!** *?*V**'^^ 
•     t     f  1111  "Eli*  11-  III*  rind  of 

rmd  of  trees  and  all  plants:  I  before  proved  his  conjecture  trees  and 

true  in  this  respect;    which  put  an  end  to  the  possibility  of  P^^ 
branches  and  stems  perspiring;  but  I  had  no  idea  I  should 
find  this  skin  in  flowers.     I  have  now  in  my  sliders  thirteen  andapparpniff 
sorts  of  tills  skin,  wliich  keeps  well,  taken  from  such  differ-  ®"  *^*  doweit. 
rent  orders  and  classes  of  flowers,  that  I  must  believe  it  it 
universal  in  ail.     Perhaps,  but  for  this  skin,  these  thin  and 
flimsy  flowers  would  never  be  able  to  bear  any  heat,  and 
the  water  in  them  wuuld  directly  evaporate.     It  is  very  as- 
tonishing to  consider  how  it  can  be  preserved  in  euch  delicate 
shapes.     That  there  are  airholes  I  do  not  in  the  least  doubt,  But  it  hm 
though  they  cannot  be  perceived ;  for  wc  have  proof,  that  airhole*, 
vapour  constantly  escapes  :  but  certainly  no   water,   for  a 
fluid  requires  a  much  larger  aperture.     Therefore  in  flow- 
ers perspiration  and  their  i.nhibing  the  dew  drops  are  both 
mistakes.     I  have  no  doubt  the  hairs  carry  water,  and  the 
dew,  to  the  interior  of  the  p(*t:il ;  but,  that  no  water  can  pais 
through  the  bkin,  which  I  have  ju^t  described,  I  have  the 
most  poaitive  proof. 

Flowers  give  out  no  oxigen,  but  yield   a  great  deal  ofFbwerwfldU 

other  air,  of  so  bad  a  qualitv  that  no  candle  can  burn  in  it,  "o^^'^'f*"*^"* 

7    .    .  '      .  Mn  aaoMc  air 

and  which  does  not  diminish  nitroua  acid.     It  is   however  onuin*!  tf 

extremely  moist :  and  in  the  various  tiials  I  have  made,  to  "*"*•  "^^"^ 
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endeavour  to  ascertain  the  quantity  of  moisture  formed  in 
this  vapour,  ivliicli  plant8  constantly  yields  I  have  always 
been  foiled,  from  the  quickne^s  of  the  evaporation.  In 
weij;niii;^  leaves,  I  fold  tlicin  in  blotting  j)apcr,  first  atcer- 
tuiniiis:^  its  weitrht :  but  thou^li  thfc  leaves  have  often  lost 
near  one  tliirticth  of  their  wci^lit  in  two  hours,  yet  the  paper 
has  scarct'  gained  one  third  of  that  thirtieth  :  wliich,  ronsi- 
<lerin^  the  ditVerent  weight  of  air  and  water,  is  nothing, 
and  c'i'vtainly  less  infinitely  than  tlie  moisture  in  that  vapour. 
Fiaiib,  yMd  That  ]>lanl8  yiwld  vapour  only,  and  that  the  moisture  is 
vapour  o..,r.  ^.^^^  dllliirult  to  be  Fcparatcd  from  the  aiv,  in  easily  proved, 
by  the  method  in  which  it  la  generally  received.  Put  a  plant 
frtsli  out  of  the  ground,  first  wi pi n;^  of  tlie  watery  crypto- 
gam i%  that  may  grow  on  it,  fnd  place  it  under  a  bell  ^lass> 
and  in  an  hour  or  two  it  will  cover  the  interior  with  dew  : 
bdt  1t..;ve  an  opening'  in  any  yuirt  not  so  bip:  as  a  sixpence, 
;iud  DO  moinure  will  be  found.  Why  is  this?  because  in 
the  first  place,  the  air  beinu:  prcsbcd  by  the  quantity  of 
f'XJ^'n  that  pours  from  the  plant,  is  by  this  pressure  forced 
to  njvfe-AUt  its  moisture  ;  and  the  fluid,  being  detached  from 
tlie  sAiRp  is  attracted  by  the  glass,  to  which  it  has  great 
afFinity.  But  when  the  oxigen  vapour  has  the  power  to 
escape,  not  being  pressed,  it  retains  its  moisture,  and  both 
leave  the'j^lass  in  the  same  condition  in  which  they  quitted 
thejpores.  Sol  found  it  in  weighing  the  leaves,  which  I 
Imve  tried  in  every  manner  pcrssiblc:  tlie  blotting  paper  was 
not  pre*. lire  sufficient  to  dot  reli  t]:e  moisture,  and  the  paper 
abftorbetl  but  little,  though  the  leaves  had  evidently  lost  so 
much  vapour, 
fijiu?  do  not  1"  former  letters  T  endeavoured  to  show,  that  the 
pcr-pire.  untrry  cryptogamiae  and  the  va|;our  just  mentioned  were 

taken  for  the  perspiration  of  plants:  every  tiial,  every 
Year's  Finely,  convince  me  still  more  of  thia  truth  :  ihat 
plants  do  not  per^ijnre.  That  tUey  yu'ld  a  qnant  ty  of  vu- 
pour,  I  never  doubted — but  who,  tiialhas  ever  dissected  or 
studieil  plants,  can  confound  the  terms  of  pf:rspirathm 
and  ficaporation  together,  in  botany  at  least  ?  Perspiration 
is  the  issuing  of  water  from  pores  formed  for  the  por- 
posi\  li  was  said  by  all  the  advocates  of  perspiration,  to  be 
accelerated  by  heat,    retarded   by   cold,    and  ascertained 

»»7 
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<y  nmaurement :  k  hercim  evaporation  i«  «ir  and  w«termised, 
iMiiiug  ftom   pores  BO  vt.T)-<liiainDtivct  that  no  eye,  «ien 
tided  by  tite  kulur  iui(;ruiicu|>e,  can  tee  tht:in.     It  can  iiei> 
"ihiir  be  ftLceluratcil,  nor  retatded  i  uor  can  it  be  MCvriaincd^ 
jsiiice  it  (litii(>|i(?ur*  attiisl  ub  it  i«  collected  Tor  lh«  purtiONcl. 
I  bcrorc  allowed  w^  lliu  watery  cryplognmiie  ncrc,  bj  WifrroTL* 
^rawiii)p  ur   muuy  jiUdU  of  ibe   sort;  nourishfd    bf  tbe  ">I*>bi*  >i- 
ieoa  oC  llie  attnuspliere  ;  und  I  tliiiifc  it  will  Ui  grmtiMl  me,  *",^ '"/" 
h*t    perspiratiou  could    uut  liave  BtulkK,    mh'uli  most  of 
tbtrM  wutvry   bubbles  bave.     It  ii  curious  they  uliould 
■Iwaya  turn  milk-while. 

Flower^:  ia  hot  cliiuules  (nt  leait  nioft  nf  tliem)  nre  tfaick  Adatitmkin  of 
in  the  [lelali  protwhly  to  gu9xd  the  mutcles  from  beat.  To  f'"'"  '"  ■*" 
|j-aL'e  ilie  <^Aect  uf  licat  and  cold  in  plants,  10  tnti.t)  diSneiit  the;  ir«  n 
^cliinuiesin  tbeir  prodnctions,  is  the  most  delightful  study;!''*' 
Ittid  one  con^euiul  to  ibis,  my  preaeut  omployioeiit.  Who 
can  disiiect  Ibe  betub,  and  not  be  auured  it  is  loiioed  t* 
endure  the  extreraitii^  of  <'o1d  ?  Formed  of  14  or  10  tt^a- 
rate  rindi  (not  bark»]  goinethiog  like  the  skin  i  ba««  bffure 
dMci'ibed,  with  a  powder  bt^tweeo  rach,  haw  coaljt^rott 
approach  it  .*  Who  can  dissect  the  water  lily  witiriis  large 
id  prominent  air  %eM«U  fluled.  and  with  v««uiltva  ib«- 
iged  like  the-  fiMi  diher  (0  raise  it  in  water  or  depress  it, 
■ud  not  be  sure  it  is  formed  to  live  in  that  element  ?  Who 
can  diwect  the  boletu»,  formed  like  a  RponKC,  and  |;uarded 
its  interior)  without  neeing  St  in  to  ffow  in  cavern*  and 
inder  ground  ?  or  thefxlrfme  alpine  plants,  with  rteir  walrry 
id  open  vesicfB,  thirt  tliey  want  liHlf  tnnre  than  (he  dew« 
»f  the  almotpliei-e,  and  are  not  to  depend  on  tlietr  rocky 
lei^hls  for  food?  But  it  ta_  impossible  long  to  dlrse^t 
ilantH,  and  not  net-  ther*  are  cermit)  tnarlca  and  irddicHtioD*, 
^at  gtv»  pfoof  of  all  thin. 

I  am.  Sir, 

Your  obliged  s^rvarit, 
AGNES  IBRETSOrf. 


ErplantHim  »/  tte  Pl-nn. 
Plate  V.  fifs.    3,    4.-^Ro«e   petal :    fig.  3,  Upper  iktrf, 
link;  flg.  4,  pabulum,  whitr. 
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Tigs,  Sf  6«— Violet  p«tal :  fig.  5$  upper  skiu^  purple ;  fig* 
6,  pabulum,  white. 

Figs.  7»  8,  9- — Crown-imperial  and  orange  lily :  fig.  7, 
first  skin  red  ;  next,  fig.  S»  the  net.  green  ;  and  underneath, 
fig-  9$  the  pabulum  of  a  dirty  yellow  white ;  which  together 
toake  the  flower  of  a  beautiful  rich  orange. 
•  Figs.  10,  II. — Jacobean  lily :  fig.  10,  the  upper  skia^ 
red  ;  fig.  1 1,  pabulum,  yellow  bubbles,  imparting  its  fiery 
tint  from  the  divifion  of  light  in  them. 

Fig.  12.— The  heartsease,  cut  in  thickness  to  show  the 
rows  at  top  and  bottom  of  the  petal. 

Fig.  13.— The  thick  magnolia  petal,  cut  io  thicknessj 
but  not  so  much  magnified. 

Fig.  14. — Everlasting  flower  cut  in  thickness. 

P/a/e  VI,  fig.  l.i— The  banner  of  the  bean  flower,  x  Jt 
spiral  vessels. 

Fig.  2.-— A  case  holding  the  spiral  vessels,  with  the  nou* 
rishing  vessels  at  the  side. 

Fig.  d. — Petal  of  the  rose. 

i 

Fig.  4.*— Wing  of  the  lathy ris  flower. 

Fig.  5. — Keel  of  a  lathyris,  x  spiral  vessels* 
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Analysis  of  a  Soil  containing  free  Muriatic  Acid,  and 
Muriates  of  Soda,  Lime,  Alumine,  Magnesia,  and  Man" 
ganese.  By  the  Rev.  William  Gregor.  Communicated 
by  the  Author* 

Saliac  matter  J^^  ^  ^^^  passing  through  a  lane,  in  my  neiglibourliood, 

some  months  ago,  I  was  struck  with  the  appearance  of 

some  saline  matter  on  the  soil,  which  formed  the  base  of  a 

hedge.       This   soil    was  what  agriculturist?,    1   presume, 

on  a  compact  would  denominate  "  a  compact  yellow  loam." — It  waa  not 

j9\\ow  loam,   tt  fnade  ground"^ ;  for  the   road  had    been   evidently   cut 

Situation.        through  it. — The  spot  is  sitnate  in  the  middle  of  a  hill,  of 

gradual  ascent,  in  the  parish  of  Merther,  in  the  county  of 

CornwuH,  about  a  quarter  of  a  mile  fro.a  the  river,  which 

flows  through  Tresiiliun  bridt^e,  which  is  a  tide  river.     But, 

if 


^      J    • 


^  %\ 
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we  may  juil^t;  from  rirc-umBtanccs  of  Bituallon,  llii«  tail 
removed  btjond  the  rtauh  of  any  direct  or  aasigiiiible 
iflnence.  whkli  the  river  cun  have  upon  it.     I  coUcctiri]  a 

Mrflicietit  quuutitj-  of  tliis  koil  wllli  a  view  of  exumining  it 

■t  my  leisure. 

It  lias  «  peculiar  smell— distilled  water,  lliat  had  atoodTti-aind  v<ih 

1HM)n  some  of  it  in  the  cold,  iiiolnntly  reddened  litmus  paper.  *"'*'  *•"'» 

I  extracted  all  that  was  tiohible  in  thisaoil  by  distilled  na- 

r.     A  portion  of  this  solution  wat  gradually  evaporated  in  milpinartha 
retort:  what  came  over  into  the  receiver,  examined  from 
netotinie,  proved  ti>  be  pure  water,  until  thcconienlsi  of ' 

the  relort  were  reduced  io  a  small  compass,  and  began  to 
ne  a  thick  ('ons;>>lence ;  then  the  fluid,  nhich  distilled 


jMdti  mail- 
aci]iiired  the  properties  of  an  and.     And  the  modeauicocid. 
of  proof  uHunlly  resorted. to  announced  the  acid  to  be  the 
Wturiatk. 

The  commnn  reagents  employed  upon  another  portion  T«t(  indlai- 
of  thii   solution,    indicated  the  presence  uf  the  aolphurie '^_*jj*""'' 
•nd  the  muriatic  acids,    of  lime  iuid  of  some  other  earth  or  fimrMPlaihw 
MMhs,    and    of    the  oxide  of  aome   m.tal.      For  Hooid  ""*"•  *"* 

111  .  ■  -  1  .  •■!  OXIll". 

prussiate  of  poiatn,  when  dropped  into  it,  mused  an  abun- 
dant   ^reenifl]  while  precipitate ;    and  spirituous  tincture 

Ha,  afteraliine.  produced  a  turbrdness,  and  a  green- 
iab  gray  mailer  was  deposited. 

The  tolution  is,  at  firsi,  colour|ess  and  transparent:  if 
h  be  evaporated,  it  grudually  coniracts  a  brownish  huei 
«nd  vegetable  exiraclive  matter  ia  de|W8ited  on  the  sides  of  Vcfcublo  ea- 
Ihe  vessel.     Sulphate  of  lime  is  first  separated.     When  this  j^fljlji^i'j 
Bub<tlance  has  ceased  to  be  produced,  beautiful  crystals  of 
mnriate  of  soda  make  thtir  appearance:  when  these,  by  niii>Ui«of 
farther  evapomtion,   huru    been   exhausted,  the  remaining 
fluid  cannot  be  brought  lu  produce  any  other  crystallized 
Mit.     It  has  a  brownish  tint,  lU  transparency  is  in  »ome 
■easure  impaired,  and  it  slrougly   reddeu*  paper  ktaiued 

by  Iilmu4. 

some  of  the  aololioa  be  evaporiited  neorly  to  dryness,  tIic  mluiiai 

lol  di^sled  upon  the  mat>a  separates  sulphate  of  lime  "»i"i'»'rfi 
id  muriatenf  soda.     What  the  ulcohol   hns  dissoUed  con-  ^ai'-i, 
inuriairt,  and  vegetable  extractive  matter,  for  tbe 
browniih.   It  strongly  reddens  lilinu*  paper. 


|gf  ANALTIIS  or  A  rSCUUAa  SOIL. 

If  this  solution  is  mixed  with  water,  and  ammonia  dropped 
into  it,  an  abundnnt  brownish  matter  is  thrown  down  ; 
the  clear  decanted  fluid,  wliich  is  no  longer  rendered  turbid 
by  ammonia,  yields  up  a  small 'quunlity  of  lime  to  the 
carbonate  of  ammonia.  The  matter,  wliicti  ammonia  hat 
precipitated,  becomes  dark  brown  by  ignition.  Various  ex- 
Oxide  of        periments  prove^  that  it  coni>ist8  of  the  oxide  of  manganese, 

DiangancMef     ^^^   l[^^  earths  alumina  and  niastiiesia,     'J'he  sails,    then. 

aJitinin6,  and  .... 

iDigne&ia.        which  this  soil  contains,  appear  to  bir  sulphate  of  Ume^   and 

CoDtenty  of     the  respective  muriates  of  soda^  limr^   alumina,  magnesia^ 
t.ietoii.  im^  manganese.     It  contains,  also,  muriatic  acid  in  a  dis- 

engaged state,  and  vegetable  extractive  matter. 

AoaljMn  to  I  wished  to  form  8omeJuJ;^nient  as  to  the  quantity  and 

**^^^*  '  j"e]ativc  prO|jortion  of  th»'*ie  suits  in  a  given  portion  of  the 
soiK  With  this  view,  1  extracted  all  that  was  solubfe  by 
distilled  water  in  sixteen  ounces  of  soil  previously  freed  «• 
much 'as  postble  from  stoiiee.  The  t^olulion  was  gradually 
evaporated,  until  no  more  sulphate  of  lime  would  appear* 
«  It  was  washed  with  ulcohol  mixed  with  waters  collected  aod 

dried  it  =:  13*7^  grains.  When,  ufion  farther  evaporatioDp 
the  muriate  of  soda  ceased  to  crybtallize,  ilie  fluid  wa^ 
poored  oif,  and  the  salt  washed  with  alcohol.  Upon  evapo- 
rating the  alcohol  mixed  with  water,  a  small  quantity  of 
muriate  of  soda  was  obtained.  The  whole  quantUy  of  mu- 
riate of  soda  amounted  to  1 17*^25  grains.  What  was  poured 
off  from  the  last  salt  obtained  was  added  to  the  residuary 
fluid  :  and  ammonia  was  dro)>pe(1  into  it,  as  long  as  it  pro- 
duced any  effect.  The  brownifli  precipitate  was  catched 
upon  a  iilter.  It  required  a  much  larger  (quantity  of  dis- 
tilled water  to  edulcorate  it  sufficiently,  than  I  could  have 
rxpe6ted.  After  exposure  to  a  low  red  heat,  it  zz  13*8 
grains—- cfirbonate  of  ammonia  precipitated  a  small  quantity 
of  lime  from  the  remaining  fluid.  This  carbonate  of  lime 
was  dissolved  in  muriatic  acid ;  and  in  the  state  of  dried 
muriate  it  scarcely  amounted  to  two  grains. 

Maritticacid.      '^^^  fluid,  thus  freed  from  earthy  and  metallic  substances 

by  the  means  of  animonia,  was  rendered  slightly  acid  by 

pure  nitric  acid,  and  assayed  by   liquid  nitrate  of  silver. 

The  muriate  of  silver,  which  was  precipitated,  was  suflici- 

Btly  edulcoratedt    It  was  dried  by  being  placed,  during 

several 
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'  •cvcral  heur^  in  a  silver  rriiriWc  tipon  hrstui  ifon.     It  :r 
H  grutD'ii  «quivulfiit  lo94  B*f  immaliir  uriil. 
i<  13*8  Kiuifis  (irecipiiatiil  liy  oniRioiiiu  wt^tf-Wlcil  lo 

■  dryam  in  k   ley  tontninine  20  (rmin*  -if  (>oiav|t;  mid  ihc 
Rinttpr  rtrmaiiiii'tj  iii  tlie  viUer  crucnile,   *Mdi  hiiil  r^sisl^d 

-  the  ai-tioa  of  the  |>otas)i,   afhu- expoaure  to  a  )uw  r«il   l>rai, 
:  B  ^raini. 

Wliul  llip  poloih  hnil  di»^olv*^^  «  a=  u-pumTpd  by  mii'late  AluntlBf. 
r  atniiioiiiH  rrnni  iriottilvi-iit.  \l  viitt  tfuminti,  mud  uiiiBt 
uve  umouotrd  tn  5S  grnins.  The  8  ftniins  of  mMiluiiO) 
bote  mrntioiied  liecaair,  by  ignition,  of  Hdnrk  brown  irolnar. 
f^ulgiliiinc  acid  did  not  upfuircrtlijr  act  ii|ton  it,  until  a  Binall 
bI*  sugar  hud  licfii  i.dded.  The  suli<hiirn;  solution 
^compM^cl  by  [icrftcily  saturated  fiirbooote  of  wo- 
tliouia  added  to  exci-s*.  Afirr  ihe  predpitute  ihcreliy 
produced  had  been  M'i}[trsi«(l  by  the  filter,  and  BuFHiiciitly 
rated,   [ihosijhiite  of  soda  sejjikrated    from    the   cleiir 

■  fluid  the  tii|>U:  «dlt  of  mugneiiin  first  noticed  by  Dr.  WoU 
luiioit.     It  =  3-9  gruinis,  «hich,  acrcrding  toihe  calcula-- 

lion  coittniiii-d  in  Dr.  Marcct's  very  itigi-niotis  and  scientific  * 

■oalyti*  uf  ihe  llrightan  wulcrs,  indicate 0'~4  of  magnesia, 
whirh  TrdnccH  the  rcuiidning  substance  to /'-(J  gi^t^B-     1' 
liad  «ll  the  pro|ierticH  of  mangune»c.     What  proportion'of -^^jni*""* 
•eid  ike  luuriatM  of  aluniiiin  iind   niati^nesi-  res|iei-tivt1jr 
onloin,    has  not,    1  bdievo,    brcn  iiioiirutely  DBcertKin-d, 

nid  tioi  have  contildcred   'he   factn  above  detailed  as  *"""'^' ** 

'hcing  worthy  of  record,  if  I   hud   ngt  cotiplHl  ihem   with  ral  )i4'«a(q 

'  the  (icollfction,  that,   cevtrul  ycaru  ui-o,    I  had  ejinmined  « 

oil.  wbidi   I   have  reason  to  ihiiili  eoiitaiiu-d  pTrvUf'i/  lie 

ante  tnliiie  mltlaacei  u*  IlieMimi-et  of  tliii  letter.     Mu(i»lt 

/  ahmintt  \s  not,  indit-d,  mt'Utiomd  iu  niy  iiotn  upon  it, 

mt  the  rwulw  ol  tht  esiicnnniilB  which  1  ttm  utnde  asre* 

'■(n  eKMCtly  with  what   I  huie  rtceiill)  olifierved,   tbat  I  hiive 

'rtt  the  k»st  doubt,    tbnt   loiiriiitp  of  ahimiiui  wai' pre^tut 

,  with   the  other  mIi*.     J  did  not  then  drlei.-t  it,  as   in 

^ht  thtitstale  of  chemical  iiican>,  it  wus  not  no  eiHJly  djkco* 

'  Mrable.     Thxtkoil  contained  also  a  free  acid,  >ind  the  inu- 

iriuteof  nionjfHiteue,  with  ijje  other  »iilt»,  which  I  have  b«- 

fore  eniiiuLTalcd.     It   di&ied,  iit  one  rtapM^t.    From   tb>l 

uhii'b  I  Idiely  examined  :  in  barin;;  a  much  Ur^^r  quanlitv 

I  ntmniTC  nmtler  wixml  wiUi  it.    The  apoi 
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^eventtcto  where  that  soil  was  found  in  about  a  mile  from  the  town  of 
Iromihis.  Heldtoney  and  it  is  distant  above  seventeen  inilt*«i,  in  a  di- 
rect line*  from  the  spot  described  in  this  letter.  It  i«  possi- 
b1e«  that  this  sort  of  soil  may  frequently  occur,  althoagh 
it  has«  I  believe,  been  unnoticed^^tlie  (presence  of  a  free 
acid  and  the  muriate  of  man|^anese  cominunicate  to  it  pro- 
perties, by  which  it  may  be  quickly  and  easily  recog" 
nizcd* 

WILLIAM  GREGOIL 
Creeds  Jan.  l6,  1811. 


IV. 

Observations  on  the  Oxides  of  Iron^  wilk  a  Discussum  of 
iheir  Nature;  by  Mr.  J.  H.  Hasten fiU-TZ** 

An  •ecunrte     JLRON  is  the  most  useful  of  all  metals ;  and  is  that  which 

'»r°'^'lSS^  is  most  generally  met  with  in  all  the  substances  we  know. 

iron  of  great   I^  U 'found  in  them  either  in  the  metallic  slate,  or  com- 

importiince  la  biued  with  oxigen.     Chemists  separate  it  in  the  atate  of 

oxide  in  most  of  their  analyses:  sometimes  indeed  they 

obtain  it  in  the  metallic  form,  but  in  this  case  it  always 

retains  a  portion  of  the  carbon  employed  in  its  reduction. 

The  proportion  of  oxigen  combined  with  the  iron  before 

-  and  after  analysis,  in  the  oxide  previously  existing,  or  in 

and  chemists   the  oxide  obtained,  has  long  been  the  subject  of  a  dis- 

differmuchon  cussion,  which  has  occasioned  erronrs  in  the  Oistimations  of 

products,  from  the  little  agreement  that  has  existed  and 

Btill  exists  among  chemists. 

Berthollet  is-      1*^®  celebrated  author  of  the  Chemical  Statics   is  per* 

•crts,  that  oac- guaded,  *' that  the  proportions  of  oxigen  in   metals  may 

corabUi7w|ih  ^""y  progressively,  from  the  limit   at  which   combination 

ametalin  any  tifst  becomes  possible,  to  that  at  which  it  has  attained   its 

fmrn^rmi-   highest  degreef*'.     A  chemist  whose  opinions  are  of  great 

pimum  to  the  weight,  Proust,  endeavours  to  establish  the  principle,  that 

tDsximumi      metallic  oxides,  and  that  of  iron  in  particular,  have  but 

*  Annates  de  Chim.  vol.  LXIX,  p.  113.     For  a  valuable  paper  ou 
is  subject  by  Dr.  T.  Thomson,  see  aar  la&t  volume^  p.  37b. 
f  5t»tique  chem.  torn,  U|  ^  d70» 
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moiet^eet  of  OKiilatton ;    one  at  a  mimrauni,  th*  nthrr  P"""".  ">•< 
it  a  mini  mum".     Thcimrd,  knnwn  for  llie  ncrmrcy  nf  hi*  u^jq^  ^„,  i^ 
BperimeritB,  BMerts,  thai  tli«re  nrp  three  eorU  of  axidtt  of  thtwt«D  pn> 
roii;  llipwiiitp,  ♦lieKff",  nnd  the  rcdf-  !i"M,™iti»ta^ 

■    According  to  Beithollei,  "  the  ovidulion  uf  metnli,  and  timponxiii* 
prupcrties  of  the  oxidn.  th.7    form,    depend  on    'he  ^  ^.^"'^ 
!ngth  of  itieir  ufBuhy  far  oxifjen,  their  power  of  coIi»>  mereUum 
■ion,    thu'it  fusibility,  lliWf   volntililj,   llic  Jegret   of   oxj-'*** 
bitioa   they  me  irafdule  of    Btiuimng  iu  conRrquroce  "' ^'11^^!^^ 
rthese  qualities,  th«  condensation  the  osigen  undergoe*  in 
■h«ni,  unil  the  loautity  of  culofic  U  contnins," 

Now  Hs  the  Rffinity  of  OKigen  fur  metnts,  as  well  ma  their 
cohesion,  i'ualbility,  mnd  vol  utility,  mu»t  varj' iu  proportion 
>  the  qunntities  of  tliia  tiib^tance  nireudy  <;ombined.  with 
lent,  tl  fuiloo'',  lh)ii  "  ihe  eiimbinaliou  ofoxigen  (in  metali)  ' 

finaif  vat y  in  them,  and  even  imiefinUelj/,  front  the  point  when, 
fortx  of  tnlittiiun  loaing  ili  preponderance,  oxidaiitin 
Ibernmes  pofliblp,  to  ibut  point  where  it  ceases  10  be  >», 
iMiitm  the  mntuid  aflinity  of  the  two  eli;meut»  beuiuvted  b^ 
I  niher  affinity,  tvhich  extend*  the  linill  of  oxidiitioa 
'Slrlher." 

Protiit  deduce*  hrs  two  degrees  of  oxidation  from  the  ^Wa'n'nO  "^ 
Colour  of  the  precipitates  obtuined  in  solutions  of  iron  on 
tlie  nddilioii  of  prassiat«S|  alkalis,  gallic  acid,  and  hydrt^ 
mlpharetR. 

Thopoof^hly  sftliirated  (irusMate  of  potash  precipilatM 
hma  its  Mtlnlion  iron  at  a  minimnm  in  the  Male  of  wliite 
^f  recipitatr,  which  afti-rward  becomes  green  :  and  it  preci- 
pitate* ii-ou  at  a  Diaxirtiuin  in  the  slate  of  blue  prussiate. 

Alkalis  precipitate  oxidulated  iron  from  its  aolnlinns  in  • 
^ecn  oxide,  wliich  fjraduully  tDrna  blnck  :  iron  oxiiled  at 
•  tnaximuin  they  precipitate  red  :  and  when  a  solution  con- 
tains iron  in  both  thcae  Btates,  thered  is  preripilaled  firvt, 
knd  the  black  aflrrward. 

Gallic  acid  produces  no  chBni;e  in  to1uiioQ<i  of  oxide  of 
'iron  at  s  minimum  ;  that  which  is  at  a  mnximum  it  privet* 
yitatci  black. 

•  Ann.  ds  Chlai.  vol.  XXlIlt  i>.  SS. 

t  Aun.  d*  Chin.  10I.  LVl,  p.  a7 1  w  Juunul,  tul,  XIV,  p.  U«. 
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Supfauretted  bidrogea  produces  no  effect  ou  Milutiont  of 
iron  at  a  miaimum ;  whilo  in  tolutioiijB  where  the  itrou  is  at 
n  naxiiDum  of  ovidtttion  it  is  decoBipoc«*d,  reducing  the 
iron  to  the  state  of  oxidule. 
Those  of  Thenard  difctinffoi»he8  these  three  kinds  of  okides  bv  the 

^'^'^  action  of  alkalis,  of  gallic  acid,  and  of  prussiates.  on  solu- 
tions of  iron;  particutarl^r  on  the  soiations  in  sulphuric 
ocid. 

From  their  solutions  in  sulphuric  arid  alkalis  precipitate 
tlia  oxide  of  iron  at  a  tniuiiauni  whito,  the  oxide  at  a  roe* 
diom  green,  aiid  the  oxide  ut  a  maxioiuiu  red.  These 
three  oxidecs  luuy  be  separated  in  succession  from  a  solutiou 
in  vhich  they  are  luixed. 

Thegvliic  acid  precipitates  nothing  from  solutions  of  iron 
oxided  at  a  minimum  ;  from  solutions  in  which  the  iron  is 
oxided  at  a  medium  it  throws  down  a  greeu  ffailute;  from 
that  in  which  it  is  at  a  inaximnm  a  black  gallate. 

Lastly,  the  prussiates  are  blue  and  green  with  iron  oxided 

St  a  minimum  ;  green  and  blueish  with  that  which  is  oxided 

fit  If  medium  ;  and  blueish  and  blue  with  that  which  is  at  a 

maximum. 

Ili^cboU  co|i-       Mr.  Bucholx  havine:  made  some  observations  on  the  white 

rsnl*t  white    ^''^^  ^^  Mr.  Thenard^  ;  and  attempted  to  maintain,  that 

•xide  as  a       it  fvus  nothing  but  a  combination  of  black  oxide  and  sui* 

susiu  p  ate,     pjj^fJQ  ^^jj  .   ^j,^.  learned  French  chemist  has  pointed  out  a 

vhich  thelat-  proceiits,  in  a  note  published  in  the  Bulletin  de»  Sciences  of 

Yerta.  the  Phiiomathic  Societyf*  by  which  the  white  oxide  of  iron 

may  be  obtained  puie,  and  freed  from  sulphuric  acid. 
The  proporti-      The  Icarued  author  of  the  Chemical  Statics   mentions 
not  R%eTby^  none  of  the  proportions  of  oxigen  in  ovide  of  iron.     ludi^ed 
Bertl.oUci,       according  to  his  principles  he  CMuld  have  [pointed  out  only 
those  of  the  two  extreme  terms,  that  at  which  the  combi- 
nation becomes  possible,  and  that  at  which  it  attains  the 
highest  degree ;  but  to  make  kuowii  these  two  proportions 
we    must   be  precisely    acquainted    with  these    two    ex- 
tremes. 
arTlanifd.         Thenard  contents  himself  with  giving  the  characters  of 

•  Journal  fuer  die  Chcmie  und  Physick.     Beriin.    No.  12,  p  r;?"!. 
f  Nouveau  Bulletin,  son.  ISOS,  No.  &,  p.  96. 

the 
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the  three  species  of  oxide  he  adinitSy  without  fLttemptiog 
to  determine  their  proportion  of  o:cigen. 

The  celebrttlcJ  author  of  the  Svstem  of  Chemical  Know*  Proportiost 
ledge,  FourcroY,  annouuci.*,  tl..i.  the  proportions  of  oxigen»|^*^^^-  ^ 
deduced  from  the  expcrimeuts  of  the  illustrious  Lavoisier, 
are,  for  the|oxidule,  from  25  to  27  parts  of  oxigen  to  100  of 
iron  ;  and  for  the  oxiile,,  iVom  40  to  49*« 

Proust,  who  h;ts  defetided  with  so  much  acumen  two  de^Prouitg 
grees  of  saturation  of  iron  only,  the  one  at  a  minimuaii 
the  otiier  at  a  maxjmumf,  carries  the  quantity  of  oxigeA 
in  the  former  as  far  as  -iS  to  100  of  iron^  in  the  latter  tm 

48. 

Mr.   Bucho]z,  a  German  chemist  of  deserved   reputa^sndBaclisla* 
tion,  who  has  lately  attempted  to  determine  the  propor- 
tion of  oxigen  in  the  two  degrees  of  oxidationt^»  states  the 
minimum  proportion  of  oxigen  at  30  to  100  of  metalp  «od 
the  maximum  at  4^2. 

From  this  diversity  of  opinion  on  the  degrees  of  oxida- The  di>erstiy 
tion,  and  the  proportions  of  oxigen  in  the  different  *>*i^^^»  bet°e*  n  th' m 
between  chemists  equally  celebrated  for  their  skill  and  their  led  to  t ha  fuh 
precision  in  analyns,  I  conceived  it  might  be  of  use  to  give  ^^'"^  ^^^} 
a  svccinct  account  of  the  attempts  that  have  been  made  wbat  has  beea 
to  solve  this  question,   which  is  of  essenttalimportance  ^©^"afonth* 
chemiHts.     This  is  the  only  motive,  that  has  led  me  to  pub- 
lish the  following  absHtct  of  the  experiments  that  have 
been   undertaken,  to  attain  a  knowledge  of  the  oxide  of 
iroD,  aud  determine  its  different  degrees  of  oxidation. 

Of  tli€  methods  of  oxidiog  or  disoxiding  iron,  by  means  principal  me* 
of  which  the  proportions  of  oxigen,  that  combine  with  ihod« employ- 
this  metal,  may  be  determined,   the  six  following  are  the  |,o,|,  ' 

principal  that  have  been  employed :  1st,  oxidation  by  the 
action  of  nir  und  heat:  2d,  the  reduction  of  oxides  of  iron, 
eitlier  by  the  action  of  heat  alone,  by  that  of  heat  and 

*  Syflt.  He  Conn.  chim.  lom.  VI,  p.  160  and  foil.  EnglUh  traasl.  j». 
2Uandfol. 

t  Ann.  die  Chim.  torn.  XXIU,  p.  85.  Journal  de  Phyt.  1804|  torn. 
II,  p.  33. 

}  Jour,  fuer  die  Cheni.  and  Fhys.  Beriin,  No.  12,  p.  G96»  and  fol.  t 
Joum  des  Mines,  No.  131,  p.  3€l  and  fol.:  or  our  Jsumsl,  voUXXV, 
p.  J5d. 
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carboiit  or  by  that  of  hemt  and  hidrogen :  3d,  oxidation 
by  oilier  metallic  oxides :  4th,  by  wmter ;  5th,  by  acids  ; 
and,  6th,  by  nitre.  I  shall  examine  the  results  obtaioed 
by  each  of  these  methods  separately, 

1st  Method*    Oxidation  hy  air  and  fire. 

Schaeffer  appears  to  be  the  first  chemist,  who  observed, 
that  iron  increased  in  weight  by  exposure  to  the  air  and 
heat*.  He  remarked,  that  this  increase,  ufter  a  complete 
calcinatiou,  was  one  third  the  weight  of  the  iron,  conse- 
quently 33\3  to  KM)  of  metal. 

Guy  ton  repeated  Sch8efrer*s  ex  penmen  tf.  He  found, 
that  iron  filings  calcined  in  a  Hessiau  crucible,  under  the 
mufHe  of  an  open  furnace,  increased  j-f  g^,  or  97*4  to  100 
of  iron.  Steel  tilings,  burned  in  the  same  mauDer,  in- 
creased 38*58  per  cent. 

Lavoisier,  calcining  iron  filings  in  the  same  way,  ob- 
taiued  four  oxides,  which  had  increased  respectively  30,  d'2» 
33*41,  and  33  on  the  100  of  iron^. 

Mr.  Darso  calcined  iron  repeatedly,  taking  it  out,  and 
triturating  it  in  a  mortar,  after  each  time  of  ex|>osing  it  to 
the  fire.  Bv  these  means  he  obtained  ox-.des,  which  in- 
creased  successively  20,  30,  36,  40,  45,  50,  and  evea  56 
on  100  of  iron  filing8§. 

I  repeated  with  much  care  the  experiment  of  Mr. 
Darso,  but  could  never  obtain  more  than  43  on  100  of 
iron  filings  without  stirring  them  while  calcining,  and  45 
with  stirring  them|| :  which  leads  me  to  suspect  some 
errour  in  Mr.  Darso's  results. 

Bucholz  calcined  iron  filings  in  a  crucib>e,  exposing 
them  to  a  red  heat,  and  stirring  constantly.  The  iroo  ac* 
quired  an  increase  of  94  to  100  of  the  metal. 

Lavoisier,  repeating  the  experiment  of  Ingenhouss,  who 
burned   fine  iron  wire  in  oxigen  gas,  burned  iron  turDing^ 

•  Swedish  Transactions,  1 757. 

-t  Digression  acad^miiue,  Essai  sur  le  fhlogl^tlque,  p.  8. 

X  M£m.  de  TAc  des  Sciences,  1782,  p.  526  andt'ol. 

^jAiirn.  de  Pliys.  1806,  torn.  11,  p.  294  s  or  Journal,  vol.  XVII,  |k 
ni,  S67,  CM. 

V  Ann.  de  Chim,  toI.  LXVII,  p.  S09:  #r  Jauma),  toI.XXVI,  p. 
147. 
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ia  ■  vessel  under  ajar  QIW  with  axig«n  gas,  and  •Uoding 
Aver  ineroury.  He  fauivd  ^00  pAttn  «f  iron  iii'ireaKd  t« 
133  or  l.'tl!  in  i>ne  frx  pari  men' ,  snd  to  13S-4U  in  aDutlm*. 

Thw  difliTi^nce  ©f  malls  in  slmilur  experimenti  sbotrs  Remorki**  . 
the  great  iliffiL-ulty  of  exeeutiri);  Uiem  jwoperiy  :  and  aiiion^  tbont i"**^ 
■11  that  hiive  h-^pn  u^n'ioncd  mine  is  the  only  one,  in  whir.'h 
the  iron  n()peurs  u,  huve  been  curried  to  Ila  intixiuiuin  of 
caluinatjon  ;  lu  that  o>'  Mr.  Darvo,  tlioufjh  indictiling  a 
Iiirger  [iroporlion  of  oxigen>  1  I'onceive  to  have  beeu  inac- 
curate, [n  my  ei[>eriiiienii  iron  osidi^  tit  >i  muximum  ap- 
pt-ara  cupulileof  bein){  carried  as  fur  at  4S  of  oxi^eii  to  100 
er  iron,  or  ubout  31']  of  uxigen  lo  fi3'9  of  iiun,  vrhicU 
nay  bi!  called  in  round  numbers  31  per  cent  of  axt);eii. 

Ab  to  the  other  experiiQems,  which  cmry  iht  «xidution 
to  14,  37,  30.  33,  and  even  38,  we  may  presume,  llutl 
porltons  (if  metal  not  yet  cumjili'trly  calcined  still  remained 
micioug  tl]<!  iron,  for  on  tritumiing  the  iron,  after  each  cal- 
cinatlou  it  whs  observed,  that  littlt iiodutts  of  iron  rtmaineJ* 
long  time,  trkich  the  oxigeit  had  not  allatkej. 

9d  Method,     Disoxigfitallon  of  the  oHiie  by  hent  alone,  and  '' 

by  heat  and  carbon  or  hidrogfn. 

Atlqoipts  hnre  frcijueatlj  been  made,  to  cnrfy  back  the  A(lmpt«ia 
exide  of  iron  from  its  maximum  by  culcinii.j^  it  itroni'ly,  J^|,'^"„^l 
either  alone,  or  with  substances  that  have  a  stronger  affinity  cxMo,  iy 
thanithusforoxigen.  U.nl«i.t, 

Mr.  Bertholkt  assertSt  that,  on  calcining  red  MiOe  or<7  >!«'iIioII<'* 
iron  in  porcelain  tubes,  it  gave  oat  no  portion  of  oxipim 
«hea  exposed  to  a  powerful  hsat,  though  its  colour  appeared 
to  change  I'rom  red  to  blaclcf.  , 

rourcroy  t<ma»tcrt!>  that  en  calcining  oxide  of  iron  no  F^vcro;, 
axi^Ten  was  evolved  ;   but  he  pretty  constantly  oblaiaed  cat^' 
bonie  acid,  when  the  oxide  assumed  a  blavic  coloar^ 

Mr.  BndioU,  in  the  pn|>rr  already  quoted,    otnenm,  BucUli, 
that  retl  oxide  of  iron  being  espowil  in  He««an  erot-ihln 
In  tlie  action  of  a  poverftil  (ire,  the  «ei-;ht  of  the  critri*-* 
bles  and  oxide  wni  diminished  a  few  gniins.     This  loa>,  if" 
Tnit^  Atn:  da  Chim.  torn.  I,  p-  41. 

■r  Jnurn.  de  Phji  ISOa,  *ul.H,  p.  Hi. 
.^  ObS;  da  Chlai.  g.  1i»,  It». 
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it  can  be  ascribed  to  oxigen  (Uiebgaged  from  the  iront 
would  be  about  6  per  cent. 
tndFoarcroj       Fourcroy,  calcining  144  grains  of  oxide  of   iron  in  a 
•*•>•-  porcelain  crucible  hermetically  closiM,  Ibund  that  the  ap- 

paratus had  lost  50*6  grains,  though\he  lute  was  fused, 
and  the  lid  united  to  the  crucible  by  ao  earthen  glass. 
Remarks  on         These  different  results  in  experiments,  that  may  be  con* 
thei*  experi-   tfidered  as  similar,  leave  some  doubts  on  the  conclusions^ 
••"***'  that  Bucholz  draws  from  his.    In  fcct,  the  crucibles  he 

Miployed    were  vitrified;    which  shows,    that    they    had 
been    exposed    to  a  higher    temperature    than  'that    in 
which  they  were  made.      This  increased  temperature  of 
the  crucibles  therefore  leaves  the  cause  of    the  loss  of 
freight,  which  the  crucible  and  oxide  had  undergone,  a 
matter  of  doubt.    It  may  at  well  be  ascribed  to  water  re- 
maining in  the  earth  of  the  crucible,  as  to  oxigen  disen- 
gaged ftom  the  iron. 
Atmnptswiih     Buchobc  also  endeavoured  to  diminish  the  oxigen  in  the 
satetances       oxide  of  iron  by  tfitnratintp  and  heatine  it  with  substances 
cirbon,  by      containing  carbon ;    for  instance,  carbonate  of  ammonia, 
BachoU}        aupeitartrite  of  potash,  wax,  lampblack,  and  succinate  of 
ammonia.    With  the  first  three  the  oxide  experienced  only 
an  imperceptible  diminution  and  reduction  ;  and  with  the 
othera  the  diminutions  «ere  very  variable.     With  the  lamp- 
black one  portion  of  the  oxide  bad  undergone  no  cliangc, 
white  another  was  reduced  to  the  metal iic  state. 

The  oxide  and  oxidule  of  iron  may  be  completely  dis- 
oxidated  and  reduced  by  heating  or  fusing  them  with  sub- 
stances containing  carbon  and  bidrogeu. 
with  charcoal.      At  Moustler  we  fused  with  charcoal  a  variety  of  oxidn- 

hy  Hassen-     lated  iron  in  dodecaedml  crystals  from  a  mine  in  the  vull«rv 
fiats  a  ...  " 

of  Aost.     This  ore,  which  contuiuud  0*1)8  of  oxidule  and 

0*02  of  silex,  yielded  a  button  weighing  076.  If  no  silex 
bad  been  present  it  would  have  weighed  0*775.  Supposing 
the  metal  to  have  retained  0*005  of  carbon,  it  would  follow, 
that  this  oxidule  contained  30  of  oxigen  to  130  of  iron. 
Two  oxidules  from  the  isic  of  Elba,  one  assayed  at  the 
laboratory  of  the  Practical  School  of  Mining,  the  other  at 
the  laboratory  of  the  Council  of  Mines,  registered  No. 
i6j3,  yielded  0*73  of  iron.    The  first  contained  0*05  of 
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ibrei^  nuittcr;  nod  If  wemof  «iip)>(MC  ihc  spconil  to  hare 
Atnlaiaed  t)ir  same  c{DBntity,  and  each  vi  tlie  buttutH  lt> 
^tvUinpd  0-01  of  carboa.  it  would   Tollo*.-,   that  thew 
.  Uidnle*  Were  cowpoard  of  33  nxi^ni  to  100  of  iron. 

Pri^Mlcy  and  ChtMa)«r  both  diKOxid^iti^d  tittii  bjf  nu«iii|;  it  tai  whli  K|. 
(OS  hi^h  tPiDjicratqr'^,  aiitl  thaa  expoMni*  it  li>  tho  actjtn ''"K^"  f"^ 
^iX  hidroj^en  g**.     AiD^dt-e  Bcthi'llot   bss  since  iintiouDci'd  Chauaiw,  K 

aame  tmiiU  id  a  paper  read  to  the  iMlimie  for   180?.  fl="t"^l«<» 
iA»  neillicr  of  these  ftentlcmen  has  pointed  out  the  dimioa- 
,  ol    weight  of  lh«  oxidtil^  in  theae  experiment*,   Mr, 
Charl>aut.  a  ].u|>il  at  ihc  PrHCtical  Siiliool  m  Muostier,  Md  p^,,^,, ,    ^ 
.myself  repeated  tliem  in  the  smumer  of  lao?.    We  round,  H*a.iifrJr. 
;lltat  11'58  gminBof  osldule  of  irtiti  fmm  the  island  of  Elba 
float  in  reduction  3-94  grains ;   whence  it  wunid  follow,  tbnt 
140-53  of  oxidule  lontpined  40-S3  of  oxigen  to  100  of  iron  ; 
supposing  it  to  he  perfectly  pure,  nhich  is  very  probable; 
though  of  lliia  wc  are  not  certain,  an  we  did  uot  analyte 
». 

From  these  e^iperiment*  we  may  conclude,  thai  it  is  vwy  Hfmirfctnii 
difficult,  if  notimpossible,  to  cnrry  biirk  the  oxide,  *'•!'*'' n,^','"'*"' 
ifcy  nienns  of  hi-ut  alone,  or  of  ht^ut  und  i-'urhon,  to  the  rtaie 
r  oxidule.      I'rom   the  reduction  of  the  oxiilule  «f  the 
^valley  ttf  Aobt  l^  charcoal  it  aeiild  nppeur  to  contiiftt,  taktag 
,th<--  nearest  round  nninbera,   of  77  iron  and  ej  oxijjeii, 
.    At  the  coiK'lusioo  of  tliese  Db«ervationi  we  will  csBinine, 
to  what  the  difference  between  titeoxidules  of  Ao*t  and  Elba 
B  ascribabin. 

3d  Method.     Oxidtilion  of  iron  ly  met^Hie  oxides. 
Iron  has  not   yet  Lecnoxidt^  by  llie   lirlp  of  any    otW  Oiid^iHin  vT 
nelaibc  oxides,  thnt  hnre  less  afhnily  than  ilMlf  for  oxi^VB,  '""'  ^y  <><")n 
Hit  ((io«c  of  arit-nic  attd   merrurj-  ;   beiuuss  tLcM  two  ne-  ,.)^^ 
hIs.  when  diwxidoled.  tva^iuraie  at  a  hit;h  tempriaMfe. 
(iityton  fuaed  in  a  cloeed  crta-ibl>-*.(iitul  lutrii  of  (Mm  and  ^^  CaftM^ 
.joside  «f  arwnie.     The  latter   nx-tial  era|MirBtrd,  aitd  tiw 
iron  waa  uxideU.     The  increaic  uf  wuif  hi  nn*  '^l-l  ou  |U0 

Lavoiiier  ftiied  iron  both  with  Midenf  arteKtctod  wddt  ,rJ.(,a*DitiM. 
•  CI|  Atid.  Pdi.  tiu  U  PtJ.('iiHii»,  p.  ISV. 
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q(  mercary*    He  found,  that  in  these  two  fusions  the  iro« 

increased  from  35  to  40  per  cent.     In  the  table  which  follows 

his  paper  heg;ive:»  the  increase  of  iron  by  arsenic  as  30  of 

oxig^  to  100  of  metal ;  and  in  his  Elensentary  Treatise  of 

Chemistry  he  quotes  au  experimentt  iu  which  iron  treated 

with  oxide  of  mercury  gained  32  per  cent. 

yo  accarata         It  is  not  easy  to  deduce  from  these  experiments  any  posi- 

iDfmim  to   ^j^^  conclusion  respecting  the  pro|K>rtion  of  oxigeu  in  the 

llMMk  two  degrees   of  oxidation,  because^   Ist,  the  quantities  of 

oxigen  combined  vary  too  much :  Sdly,   the  state  of  the 

oxide  after  oxidation  was  not  accurately  ascertained  :  Sdly, 

it  is  not  certain,  that  the  arsenic,  which  has  a  great  r.ffinify 

for  iron,  did  not  curry  away  some  of  it  when  volatilized.     It 

appears  too,  that  Guyton.  in  his  experiment,  did  not  mix 

a  sufficient  quantity  of  oxide  of  arsenic  ^ith  the  iron ;  for. 

according  to  the  experiments  of  Proust*,  the  white  oxide  of 

this  metal  contain  but  33   of  oxigen  to  100  of  arsenic  { 

whence  the  100  parts  of  oxidecould  only  have  yielded  about 

25  of  oxigen  to  the  iron, 

4th  Method.     Oxidation  of  iron  by  water, 

Oxi^tion  of  'rhe  black  oxide  has  long  been  prepared  in  the  shops, 
iron  by  water,  gnder  the  name  of  martial  ethiops,  by  putting  iron  filings 
^^^  into  a  bottle  full  of  water,  shaking  the  mixturtf  from  time 

to  time,   and  opening  the  bottle  after  ever)*  shaking,  to  let 

out  the  hidrogen  gas  evolved.     To  uccelerale  the  process, 
f  llouelle  propos>ed    to   aeiihiiate  the   water    with   vin*  gar, 

Crohare  with  a  little  nitric  ucidf. 
Lavoitier.  Lavoisier  found,   that  iron  filings  guinrd  an  increase  of 

30  or  35  percent  by  agitation  in  pure  water  ;  and  the  same 

if  the  water  were  acidnlateil  J. 
Ctvaziely.  Cavazzely,  on  oxiding  i run  by  means  of  water,   obtained 

an  oxide  increased  35  ])er  rent  on  the  iron  employed§. 
Bacliols.  Bucholz,     repeating  the.  ex}ieriment    of    oxidation     by 

water  alone  at  the  common  temperature  of  tiie  atmosphere, 

•  Joum.  dc  Phys.  1799,  torn.  It,  p.  150. 
^  t  Ana.  dc  Chim.  vol.  XXXI,  p.  C^iS  andfol. 

%  Ac.  de«  Sciencei,  1782,  p.  54:3  xnd  i'ol. 
(Ann.d«Cbtm.  vol.  XLUl,  p.  94. 
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remarked,  that  the  ox!de  was  covered  with  a  cruftt  of  yellow 
oxide,  while  another  part  was  in  the  state  of  black  oxide. 

The  great  variation  in  the  weight  of  the  oxide  obtained  Thcie  experi* 
by  this  method,  and  the'observation  of  yellow  oxide  formed  J^^|,q,   ^ 
on  its  surface,  shoW«  that  nothing  can  be  deduced  from  ex- 
periments of  the  kind. 

Lefebvre,  Stoutx,  and  myself,  when  in  Carinthia,  satis-  Water  asiiitcd 
6ed  ourselves,  that  red  hot  iron  immersed  in  water  decom*  ^^  '^^^ 
posed  it;  the  iron  being  ozided,  and  hidrogen   evolved*, 
'i'he  illustrious  Lavoisier,  takitigthe  hint  from  this  experi-  ^^**i^* 
ment,  heated  little  bits  of  iron  twisted  spirally  in  a  copper 
tube,  and  passed  the  vapour  of  water  through  them  while 
red  hot.     The  water  was  decomposed,  and  the  iron  oxided. 
The  iron  had  increased  in  weight  31 '38  per  cent.     The  hi* 
drogen  gas,  which  he  collected  and  weighed,  was  found  to 
be  ill  the  proper  proportion  for  forming  water  with  the  ozi* 
gen  conibinedf . 

Bucholz,  repeating  the  experiment  of  Lavoisier  by  pass-  BuchsU. 
ing  the  vapour  of  water  through  iron  filings  heated  red  hot 
in  a  close  vessel,  obtained  a  black  oxide  containing  76'7  of 
iron  and  23*3  of  oxigen. 

The  result  obtained  by  Lavoisier  appears  accurate,  and 
that  of  Bucholz  rather  too  low.  It  is  to  be  regretted  that 
this  process  was  not  oftener  repeated,  but  I  shall  notice  this 
result  again,  when  recapitulating  those  that  may  be  consi- 
dered as  accurate. 

^To  be  concluded  in  (mr  next.  J 


V. 

Some  Remarks  on  the  Observations  and  Experiments  of  Mr. 
Mi'rray  on  the  Nature  of  Oximuriatic  Acidf  ami  its  Reio^ 
titrns  to  31uri(itic  Acid.    By  Mr.  JoaN  Davy. 

To  Mr.  NICHOLSON. 
SIR, 

JLt  is  generally  admitted  as  a  fundamental  principle  of  Substance*  rot 
modern  chemistry,  that  all  bodies  not  yet  decompounded  '^™^* 

*  M«in.  deTAcad.  4efl  Sciences,  l73l,  p.  475. 
\  Tnit£  iltoi.  deCbiin.  torn.  I,  p.  92  and  fol. 
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be  deemed       are  to  be  con<«idered  as  simple  substances.     In  this  respect 
ftimpte.  j|,g  phlogistic   principally  differs  from    the  antiphlogistic 

J^'^SJ;*''^  doctrine:  the  former  is  hypothetical,  the  latter  theoretical, 
plilogbtic  and  The  phlogistic  hypothesis  in  its  most  perfect  form,  as  ad« 

dllarinaf  *"''   ^*"*^  ^y  ^^'  <^«^^^'»^»  could  not  be  confuted :  it  was  sim- 

plo,  luminous,  and  perfectly  well  adapted  to  explain  all  the 

phenomena  of  chemistry ;  but  it  wasKtillun  hyiMthesis.  The- 

Differencc  be-  Of}'  is  a  history  of  generalisation  and  facts,  hypothesis  is  a  ae* 

tween  ihcory   ^-^^^  ^|»  suppositions.     Mr.  Murray  'does  not  observe  this  dis- 

sis.  tinctron,    he   makes  promiscuous  use  of  the  two   worda. 

Sometimes  he  speaks  of  the  theory,   and  at  other  timet  of 

the  hypothesis  of  Mr*  Davy,     I  think  it  necessary  to  point 

out  what  to  me  appeared  a  loose  mode  of  expression.     It  is 

of  main  importance,  that  expres5ions  of  facts  be  not  raia- 

rcprcsented.     It  is  of  great  consequence,  that  things  be 

not  termed  notions— -that  theory  be  not  considered  as  spe* 

culation. 

Mr  Davy*!  Before  I  examine  the  objections  of  Mr.  Murray  to  Mr. 

r^"  liypoiheti-  '^^^x'*  conclusions,  I  shall  endeavour  to  bhow,  that  the^e 

cii.  conclnsions  are  not  tainted  by  the  slightest  admixture  of 

hypothesis.    With  this  object  in  view  I  beg  leave  to  reca* 

pitulate  a  few  leading  circnmstances. 

Formation  of       Muriatic  acid  gas  is  formed  by  detonating  together  equal 

inuri:>tic  :ic:d   volumes  of  oximuriatic  eas  and  hidroiren  eas;  and,  if  the 

gas  from  oxi-  ^  .  ii.i_         -t 

muriatic  and    experiment  is  correctly  made,  there  is  uo  conaensatiOD  at- 

hidrogrn.  tendi iig  their  union*. 

Metals  form  '^^^  metals  combine  immediately  with  oximuriutic  gas, 

j«ciiliarci>m-  and  form  with  it  a  peculiar  class  of  compounds,  many  of 

oximuriat?c  ^^^^^^  *^c  decomposed  by  water;  and  when  this  occurs,  a 

gas:  metulllc  oxide  and  muriatic  aci  J  gas  arc  always  produced. 

and  the  same  When  the  metals  of  the  fixed  alkalis,  or  the  common 

compound*      metals,  mercurv,  iron,  tin,  and  zinc,  are  heated  in  muri- 
with  munatic       ...  ,'.  ,  ,  i    i^.    ..    i  ■ 

acid  gits,  hi-     atic  acid  gas,  hidrogen  gas  equal  to  one  half  of  the  volume 

drogen  being    of  the  acid  gas  consumed  ap[ieari»  free,  and  substances  are  pro- 
duced exactly  similar  lo  those  formed  by  the  direct  union  of 
The  quantity   the  same  metals  with  oximuriatic  acid.    In  these  experiments 
of  hidrogrn      there  is  xh>  difference  in  the  proportion  of  hidroi^ii  ^as  li- 

*  I  have  ip.tn  this  experiment  made  a  Zinmber  c^  rimsi,  in  resscl.- 
iVai  \nyi  bo-::i  ixV.inftsd,  and  OTcr  meicury,  and  with  similar  results. 
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bemtrd:  it  h  not  Iro.  wh«t]  tbc  iicid  fpiit  Iihb  bven  {>i 

>ly  npo^ed  to  tli«  avtioii  of  »iilu  h'lriii^  «  Strang  attMC- 
ti"ii  for  water:  nor  is  it  ^reuttr  in  relutiuu  lo  thcqnuDEity 
•at  Rinriate  forniftl,  wheii  liquid  laiinntic  itcid  ii  uwd. 

\Vben  metallic  oxides  ar«  ucted  on  by  uximurintic  gns, 
'taigPD  f^as  is  evolved  {  and  when  acted  on  by  muriatic  add 
wati^r  is  prudnced.  In  the  one  in^laDce  the  oxi^ti 
itrnj(H  ia  the  exact  quantity  coDlained  in  tbe  oxide: 
ill  (he  otticr  cuse.  the  trat^r  produced  has  ai  much 
i^ii,  UH  exi«led  in  the  inuriatii^  uctd  gas,  and  ai  much 
oxigvu  8«  th^  metallic  oxide  con Ih in ed. 

Snch  I  conceire  are  the  princ-ipal  iuttg,  which  constilnte 
the  foundation  of  loy  brother'*  theory,  that  asimuriatic  gus 
ii  a  iiiinple  body.  Me  combines  lhi»  gat  with  hidrofjen  f^« 
•nd  farms  muriutic  acid  )>as.  Id  hiH  theory  munBtic  acid 
gkn  i«  a  corapound  of  oxiinuriatic  guE  and  hidrogen.  He 
V  combines  osimiirialic  gas  with  sulphur,  phoipborus,  nnd 
the  metals:  and  in  his  theory,  the  resulting  substances 
Bre  compounds  of  the  inRsniniable  mid  metallic  bodies  re- 
•pectifely,  and  oximurlatlc  fas.  Here  ne  perceive  no  »U[>- 
position,  but  a  simple  exprL-stion  of  facts,  and  this  t  hum- 
bly cnni^Hve  is  pure  and  genuine  theory. 

Hiiviii<;  stalrd  my  npiniao  ves|iecting  Mr.  Davy's  liewa, 
1  shall  proceeil  to  examine  Mr.  Murray's.  This  gentlc- 
mun  is  of  tbe  old  opinion,  that  oximuriatic  gas  is  a  coni- 
]ioundbudy.  consisting  of  muriatic  acid  andoxigen;  that  the 
tuuriates,  substanceiformed  by  the  combust  lun  of  tbe  meiuU 
in  oxironriatic  pas,  are  (.omposed  of  murialic  uuid  and  me- 
tallic oxides:  und  likewise,  (hut  the  cunstituents  of  the 
com|iniinds  reaiilung  from  tbe  combustion  of  sulphur  and 
phoHiihorus  in  oximuriatic  gas  are  tbe  respixlive  acids  of 
tlipse  two  bodies  nnd  uiiirialir  acid. 

Let  It  be  kept  in  remembrance,  tliat  Mr.  Murruy  does  not 
mean,  »beu  he  speaks  of  muriatic  uiid,  tbe  poudeiablif 
part  of  niuriBiic  gat,  which  combined  uith  auroouia,  con- 
stitutes moriHte  of  ammonia.  1'he  idta  he  attaches  to  tbe 
word  is  very  ditfereni,  for  he  suys,  that  water  is  absolutely 
necessary  to  the  existence  of  morialic  acid  in  the  gaseou* 
sietc:  tbdt  muriatic  acid  linsnoi  yet  been  decomposed;  ard 
that  it  has  an  Important  aud  au  anomslous  relation  to  wa- 
O  4  tar, 
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ter«  the  investi^tion  of  which  presents  an  interesting  sub- 
ject fur  inquiry. 
but  ^nmetfiing  .    What,  it  may  be  naturally  asked,  does  Mr.  Murray  un« 
conuin     111     cicrjijrtnd  by  muriatic  acid.^  us  he  has  given  no  definition 
of  the  wordy  1  cannot  say  positively  in  uhat  sense  he   uses 
it.     This  is  cei*taiii,  it  duos  not  isif^nify  muriatic  $;ast   butp 
I  should  ooiiceit'e,  thai  part  of  muriatic  gas,  which  com* 
bines  u^ith  metaUic  oxides,  and  with   the  phosphoric  and 
sulphuric  acids.     But   the  question  now  is,  what   is  this 
'jrhieh  hasne- fiecutar  subbtance?     Has  Mr.  Murray  examined    it    in   its 
yV  1*^™  *'^"     insulated  bttite  ?  has  he  described  its  properli*;^  ?  or  has  auv 
rate,  chemist  ever  obtainod  it?     The  answer  I  nuy  venture  to 

assert  is  in  the  negative.     To  speak  plainly  my  ceutiinents, 
muriatic  acid  gas,  on  Mr.  ^Murray's  hypothesis,  appears  to 
me  to  be  a  compound  nf  wafer  and  an  unknown    basis, 
:  and  the  muriates  compounds  of  this  unknown   basis  and 
ur\d  a  <Uprr.     metallic  oxides.     And  thiSf  if  (  am  not  greatly  mistaken 
Crjrehypothtii-  ,q  |u.y  opinion,  is  speculation  in  the  strictest  8en:ie  of  the 
word. 

It  is  evident,  that,  whilst  the  basis  is  unknown,  it  is 

merely  an  imaginary  substance.     If  this  iiy  pot he^is  should 

be   preferred  to  Mr.  Davy's  theory,  there  should  be  for 

the  sake  of  consistency  a  revolution  of  chemical  doctrine. 

r.idonipiir     Ph1op:is>ton  should   triumph,   and   recover   all   it's   former 

loa.  ^   ^^       dignities.     The  arguments  advanced  in  support   of  tlie 

simple  nature  of  muriatic  acid,  might  be   used  in  defeure 

of  the  compound  nutnrc  oF  the  metals.    It  has  been  already 

observed,  that  Mr.  iJavendisirs  hypothesis  of  this  kmd  is 

Mr  CaTPo-      fully  ailoqimte  to  explain  all  cliemical   phenomena.     Thii 

thesis.  ^  illustrious  pir:li»f.r^plierc«)ii^i(h»re<l  the  metals  and  iiiflainma- 

ble  subst:ii)Ci.-s  us  probuhly  compounded  of  unknown   baytt 

and    phloK'sTou    (hidrogen),  and    the  int'taliic    oxides  and 

acids  us  p;'nb»ibiy  compounds  of  unknown  bases  und  water*. 

F.xamipiiion         1  simll   no   long*;r  dc-lay  examining  the  objections   jnutle 

rA/'s oJij'cii-     ">*  ^^^-  '^Inrray  to  3ir.  Davy  s  theory,  tliuf  oximnnutic  gas 

or.<  to  Mr. Da-  js  a  simple  body,  having  rt'lations  Huiilar  to  those  Ktx  uxivreii 

to  tht:   uurtals  and   intlanmiable  snh.stanress.     Mr.  Murray 

InijinyMliiliijr  remarks,  «*  that  tliere  i«>  some  iniprobahiliiy  in   iijc  hypo- 

*  riJl.Trans.  for  1?84. 

thesis] 
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thesis  of  two  acidifVing  priticiplcki  distinct  from  each  other,  cf  twi acidify- 
but  exerting  similar   chemical    ugeiicir:,."    p.  13i>.      It   is  i^S P"n«»l'l«* 
generally  adinitteJ,  that  the  only  legitimate  mode  of  rta*of  no  weight 
floning  in  the  experimental  sciences  and  in  cliemibtry  in  par- 
ticular,   is  that  of  induction.      AVe  are   not   to  judi;e  of 
Mr.  Davy's  views,  I  humbly  conceive,  bv  considering  their 
probability  or  im probability  a  priori,  but  by  a  reference  to 
facts.     I  beg  It'ave  to  tsike  this  liberty.     Oxiumriatic  acid  y^^^^l    .^1^^, 
is  attracted  like   oxi^en  by  the  positive  and  repelled   by  twern  oxig** 
the  negative  pole  of  the  Voltaic  battery.     Combined  with  ^[^Jjjjjjl'*'"^ 
hidrogea  oximuratic  acid  constitutes  muriatic  acid.     Com- 
bined with  sulphur,  phosphorus,  and  tome  of  the  in^talit 
it  forms  peculiar  compounds,  possessing  the  property  of 
neutralizing  ammonia*.     It  may  be  objected,  that  these  That  the  corn- 
compounds  do  not  change  vegetable  colours  from  blue  to  po^^^*  ^  the 
red.    Granted.   Neither  does  prussic  acid.    But  this  change  redden  veceta* 
is  affected  by  sulphuretted  hidrogen,  which  there  is  every  bl*  blud  n« 
reason  to  believe  contains  no  oxigen,  independent  of  that 
small    portion   which    prolMibly   exiAts  in   sulphur.      The 
action   of  oximnriatic  acid   on  vegetable  colours,  and  in- 
deed all  the  chtrmii'al  relations  of  this  substance,  are  ano- 
malous on   the  old  hypothesis;    for  the  sulphuric  acid  iu 
its   most  concentrated  state  ver}'  sli^rhtiy  reddens  dry  lit- 
mus paper:  and  1  lind,  that  acetic  acid  does  not  redden  it 
at  all,  nhen  freed  from  water  by  long  digestion  with  fused 
muriate  of  lime.     Are  not  all  these  factb  sufficiently  deci« 
si VI.'   in   their  bearings   to   authorise    the  conclusion,    that 
oximuriatic  acid  is  an  acidifving  principle,  similar  to  oxi- 
gen ? 

To  avoid  all  verbal  controversy,  I  candidly  acknowledge,  Prvpeilyno 
that  1  consider  the  acidifying  principle  as  a  mere  arbitrary  pyln2^*u5 
term.  ()xig«>n  strictly  speaking  can  with  no  more  pro- 
priety be  said  to  be  the  cause  of  the  acidity  of  sulphuric 
acid,  than  sulphur.  Dut  if  the  term  is  to  be  still  con- 
tinued in  use,  we  can  only  ap[ily  it  to  oxigen  and  oximuri- 
atic acid,  as  these  two  substances  are  the  onlv  ones  known 
io  enter  into  the  composition  of  a  great  variety  of  bodies 
having  analogous  acid  properties. 

•    *  The  only  alkali  on  which  ihej  can  act  vithoui  doubk-  deconipo^hion. 

Mr. 
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Want  of  10-  Mr.  Murray  is  of  opinion,  thut  the  want  of  action  be- 
tion  betwei'fi  tween  charcoal  and  oxitnuriatic  pis  is  an  au^otnaly  in  Mr. 
oximuiiutic  Davy's  theon*,  which  does  not  exist  in  the  old  hypothesis. 
^*  To  account  for  this  fact  he  hiis  recourse  to  a  predi8|)osin<;^ 

affinity,  and  to  the  supposition,  that  water  is  necessary  to 
the  existence  of  the  muriatic  and  carbonic  acids  in  a  gaseous 
state.  And  he  remarks,  that,  as  water  was  not  present 
when  the  experiment  was  made  on  the  ignition  of  charcoal 
by  Voltaic  electricity  in  oximuriatic  ^as,  it  followed,  that 
DO  alteration  conld  be  produced,  that  no  oximuriatic  gai 
•  could  be  decomposed,  or  any  muriatic  or  carbonic  gas 
formed.  This  reasoning  would  have  been  less  unobjection- 
able, were  it  less  hypothetical.  Mr.  Murray  does  Dot 
prove,  that  the  muriatic  and  carbonic  passes  contain  water; 
be  supposes  that  they  do.  The  only  fact  advanced  in  fa- 
Water  sup-      vour  of  this  constitution  re^rards  carbonic  acid  gas.     It  is 

pojad  to^  DO-  ^^ji   ^nown,   that  the  native  carbonate  of  barytes  differi 

cefsary  to  car-  ..... 

bonic  ac'id  gas  from  the  artificial  in  being  indecomposable  by  heat  alone; 

•  "IJi'*/^^**^"  Rnd  that  this  difference  ceases,  wheu  the  action  of  fire  is 
ing  tn6  cie- 

conip(«flit!on      assissted    by  steam   or  aqueous   va|>onr«     Mr.  Murray  sup- 

bon V'^rf^ba^    poses,  that  steam  prodncrs  the  decomposition   by  enterins; 

rytei;  into  union  with   the  carbonic  acid,  and  forming  carbonic 

acid    gas.      I   should    conceive,    that   he  would   not  have 

adopted   this   supfiositiou,    were  he  acquainted    with   Mr. 

butthisitdoft^  Berthollct's   observations    on    barytes.     From  this   ^entle- 

thc^arth"inw  "'""'**  experiments  it  appears,  that  the  water  docs  not  com- 

a  fustible  hi-     bine  with   the  acid,  but  with  the  earth,  which  it  converts 

into  a  fusible  hidrate,  and  thus  liberates  the  carbonic  acid, 

which  immediately  escapes  in  the  ^abcous  state^. 

Argument  of        Thougb  Mr.  Murray  has  not  endeavoured  to  demonstrate 

Mr.  Murray     ^"^^    presence    of  water  in    muriatic  acid  gas,  be  has  at- 

fonbceiisN  '^  it-  i_    i        .       . 

enceff  water   tempted  to  show,  that  this  probably  is  the  case.     When 

in  irunauc       thi'  acid  gas  ha«»  been  exposed  to  the  action  of  substances 

strongly  attracting   water,  Mr.  Murray  observes,  ••  it  can 

only  be  affirmed,  that  a  portion  of  water  is  abstracted   from 

it,  not  that  the  whole  of  it  has  been  withdrawn.     A^  the 

water  is  removed  from  the  add  gas,  the  afliuity  by  which 

the   lemaiiiiii^  quantity  is  retained  must   prodigiously  iu- 


Mciiioiresd*  Arcttueil,  torn.  17,  p,  17, 
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rcBM  ID  strength,  nniil  it  e(|uiiN  c 
ibrtuncealtrtictinK  it: 


o(  hidrogen. 


C![OTe<l9  thrtl  of  the 
'  iu  nbttriK-tioii  iniiKt 
ir  ihisKtalecnt'tit  btr  corrwt,  it  necessarily  P'o^tihstii 
lllows,  l)iai  inuriulir  nciil  muy  exist  an  a  gis  in  '"""•''i""*  ,i,'l^iciit  tio- 
len  with  different  proportions  of  water.     Ou  the  auppo-  iiouion.: 
ittoD  llial   it  dues  cuntuiji  water,    experience  proves  tlie 
ontrary— for  llie  proporiimi  of  hulrogen  gns  produci^  from  ''"'  "•"*^*  'n 
■  urialic  acid  gas  acted  on  by  different  tneials  is  always  the  {,,„,  -„  iho 
Mine,  whetherithaB  been  cxpOHed  to  the  influence  of  drjint; 
■Its  or  not.     I  readily  admit,  that  murintic  add  gas  hi 
Mportant  relnlioni   to  water,  and  ft  stronf;  altrpction  for  hivr  itnpoc- 
tlis  Bnid ;    so  too  has  fluobotiicic  add  ga» :    but  1  cannot  "'"  rrliiioa* 
lllow  the  mn>e  relation*  nnd  attraction  ttr  the  muriuttc:  add 
Hf  Mr.  Murray — aw  iiiiu(finary  body,  timt  1  confess  I  am 
lllogether  itrnorant  of.      Moreover  the  tirong   affinity  af 
iiuriailc  acid  gas  for  meter  ii  no  more  in  favour  of  wuier 
wing  one  uf  the  conotiluents  of  this  fraa.  than  the  strong 
tttraction  of  |>ota8siuni  and    sodium   fur  oxigen  is  fcr  the 
txiateoce  of  osigen  in  these  metals. 

When  Mr.   Davy  concludes,   thnt  oximnriatic   gat  lias  Oilgsn  11111 
relations  simiUr  to  oxigen,  I  do  not  underatatid,   thnt   'lie  g*™|;^°^^'^^ 
^Xpreiision    implies  an    exact    similarity   between   the  nt- liui  aoiia^ll 
factions  of  these  two   substances,  but    merely  a  general  J^^F™""""* 
analogy,  such  as  the  metals,  or  the  infliirnmnhles  have  to 
l«Hch  other,  which  allows  of  their  liciM<;  cla«>ed  together.       Exi>Uniit*i>or 
If  I  may  be  permitled  to  give  my  opinion,  I  should  say,  "'""""'  ^"" 
'e  bsve  no  rij^ht  to  expect  from  a  theory  the  explanation  of  |«^it«l  /rooi  a 
ritiinate  fact*.     And  the  fact  in  question  (the  want  of  action  '''*"')'• 
•etween  charcoal  and  oximnriatic  gas,)  in  one  of  itiia  Icind. 
t  is  one  of  those,  which  constitute  as  it  wer<-  the  axioms 
f  the  science.     For  toy  own    part   I  am  i;hid..  that  it  is 
not  tortured  by  hypoiheiicnl  explanation. 

Having  considered  the  reasons  adduced  by  Mr.  Murray  Mr.  Maitay's 
for  dissenting  froin  Mr.  Davy's  theory,   i  shall    proceed  to  ^^',^^" 
examine  the  results  of  the  particular  experimetils,  which 
this  gentleman  consider*  more  favourable  to  the  old  hypo- 
ihesrs  than  to  the  new  vitws. 

Mr.  Murray  is  of  opinion,  that  the  experiment*  of  Mr.  ConKnion  of 
Crujckshank  on  llie  analjois  of  curbureited  hidrogcn  ^sses  ilMciiburii- 
by  Dximuriatic  gas  ar*  hostile  to  Mr.  Davy's  theory:   as  >ed  UlUmgca 
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pnet  into  ctr-  when  the  proper  proportions  of  ihe  two  gassei  were  ut^cdt 
riiatic  AcLi  "***  there  was  found  to  be  a  complete  conversion  of  the  whole 
into  carbonic  and  muriatic  acid  gas.  In  un^uer  to  this 
Bot  always  objection  it  is  only  necesiury  to  observe,  that  I  luive  care- 
the  uct.  fully  repeated  sooie  of  these  experiments,  making  t be  deto- 

nations over  recently  boiled  mercury,  and  never  ohtuincHl 
carbonic  acid  gas  though  oxi muriatic  gas  in  great  excess  was 
employed.     No  regard  was  paid  to  the  influi'nce  of  water 
by  the  original  author,  therefore  notliing  ran   be  inferred 
from  the  experiments  of  Cruickshank,  but  what  is  perfectly 
agreeable  to  Mr.  Davy*8  theory.     The  pret^ence  of  water 
is  neglected  by  Mr.  Murray:  to  him  the  ouU  c»nt^?  of  am- 
biguity in  the  result  appears  to  aribe  from  the  small  portion 
of  oxigen,  which  he  supposes  these  gassescontiiint  and  from 
which  carbonic  acid  gas  must  be  formed,  when  the  hidrogeu 
is  separated  by  oxi muriatic  gas. 
AcUon  of  oxi-      To  avoid  this  source  of  ambiguity  he  haft  had  recourse  to 
oa"cvtenic     ^^'"'^**'^  oxide.     He  has  repeated  the  experiment  of  Mr. 
oxide  Cruickshank  on  the  action  of  oximuriatic  gas  on  thia  com- 

pound, and  has  con  Armed  his  results,  lie  has  very  satis- 
factorily proved,  that  no  change  takes  plate  in  the  two 
gasses  when  water  is  entirely  excluded ;  and  that,  without 
the  agency  of  water,  no  carbonic  or  muriatic  acid  gas  is 
formed.  The  conclusion  he  draws  from  this  fact  is  in 
favour  of  the  old  hypothe^is.  He  takes  it  for  granted,  that 
**  water  is  not  decomposed  by  oximuriatic  gas:*'  oxigen 
therefore  he  observes  can  only  be  aftbrded  to  the  carbonic 
oxide  to  convert  it  into  carbonic  acid  by  the  decomposition 
of  the  oximuriatic  gas.  It  appears  to  me,  that,  even  on 
Mr.  Murray's  own  statement,  his  conclusion  is  gratuitous, 
en  iniulficient  It  is  not  sufficient  for  his  purpose  to  prove,  that  some  car- 
V^f^U  bonic  acid  is  formed,  but  that  the  whole  of  the  carl>onic  oxide 

ehsceitmay  is  converted  into  this  acid.  For  there  is  no  improbabilitv 
Woiherw»f>  )„  the  supposition,  that  some  carboni^  acid  minrht  be  pro- 
'  duced  by  the  formation  of  a  triple  compound  of  oximuriatic 
acid,  hidrogen,  and  carbon.  The  oil  resulting  from  the 
union  of  oximuriatic  gas  and  olefiant  gas  is  a  substance  of 
this  kind  ;  and  we  know  of  several  analogous  coses  in  che- 
mistry. Independent  of  what  has  been  just  said,  have  we 
not  the  moat  indubitable  evidences  of  the  deeompoeif  ion  of 

water 
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-  water  by  oxiinuria;i';  \;m«  :  F.iss  tliis  gas  a»d  steam  together  Warer 
thronirh  u  tube  h<.*atft4  to  rcdntfb:*,  oxigen  gas  will  be  pf o- 5va!utic  wT 
duced,  ami  ipiriarir  :i<-id  ^iiB  ibrmed.  Detonate  this  gat 
and  l)idr>>'.-^  i>  -tv  ii':;i*rher»  and  a  similar  formation  of 
murinric  nr-  ".'til  tukt*  place,  ^\'ith  these  facts  in  view» 
who  cu:i  Lebirate  in  a8^ertin<^y  that  water  is  decomposed  by 
oxi muriatic  {^is,  that  its  hidrogen  is  attracted  by  this  sub^ 
stance,  uiid  itt^  osi;{tii  con^eql1ellt1y  set  free  ? 

Since  charcoal  has  no  action  on  oximuriatic  gas,  is  there 
any  anomaly  in  the  want  of  action  between  this  gas  and  car* 
bonic  oxide?  and  since  oximuriatic  gas  alone  decomposes 
water^  is  there  any  thing  unexpected  i"  Jiis  effect  bciog 
more  readily  produced  by  the  joint  attractions  of  oximori* 
atic  gas  and  carbonic  oxide  ? 

Mr.  Murray,  to  obviate  every  objection  that  might  be  Carbonk  seM 

raiseij   to  the  formation  of  carbonic  acid  eas  when  water  P'p^^^c^d  inm 

,  carbonic  ax* 

was  present,  made  mixtures  of  carbonic  oxide,  hidrogen^  ide,  hklit»||ent 

and  oximuriatic  gas,  over  mercury,  which  were  exposed  to  T**  ****2!2l!*' 
the  solar  Iit;ht,  or  detonated  by  an  electric  spark.     He  used  mercury, 
water  for  absorbing  the  ninriatic  ^8   formed,    and    coo* 
stantly  found  great  part  of  the  carbonic  oxide  converted  iuto 
carbonic  acid. 

1  have  assisted  Mr.  Davy  in  repeating  these  experiments;  DUfcrentre* 
our  mode  of  operating  differed  principally  in  this  respect^  ||.  ^^^^  0^_^ 
we  used  ammoniacul  gas  instead  of  water  for  removing  the 
muriatic   gas,  and  we  have  obtained,  probably  in  conse- 
quence of  thi^,  very  different  results.     I  beg  leave  to  t/ta- 
scribe  the  account  of  one  of  the  experiments,  given  by  Mr* 
Davy  in  n  note  at  the  end  of  his  Bak«?ri:in  lecture  for  1810. 
"  We  found   that  7  parts  of  hid  o^en,  9  parts  of  gaseous  Antxperi« 
oxide  of  carbon,  Hwd  20  parts  of  oximuriatic  gas,  exploded  neat  of  his» 
by  tlie  electric  spark,  diminished  to  abont  30  measures,  and 
calomel  was  formed  on  the  sides  of  the  tube.     On  adding 
dry   ammonia  in   excess,  and  exposini^   the  remainder  to 
water,  a  gas  remained,  which  et]ualled  more  than  9  mea* 
sures,  and  which   was  gaseous  oxide  of  carbon,    with   no 
more  impurity  than  might  be  expected   in  the  air  in  the 
gasses  and  the  nitrogen  expelled  from  the  ammonia.*'     In 

another  experiment  conducted  in  the  same  way  at  the  last.  . 

n  -       .         .    .  -        1.,        Anofli.r  cxpt* 

a  mixture  of  32  measures  of  oximunatic  gas,  of  8  bidro-  tiuent. 

gen 
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1^  f;a9,  and  of  10  carbonic  oxidei  was  inflamed  by  an 
electric  spark  over  recently  boiled  mercury.  There  was  a 
diminution  produced  equal  to  6  measures,  and  some  calo- 
mel formed.  After  the  addition  of  ammouiacal  ^ns,  and 
the  subsequent  addition  of  water,  there  remained  rather 
more  than  13  measures  of  unabsorbabte  air,  which  burnt 
with  the  same  coloured  flame  as  carWonic  oxide.  We  have 
mnde  this  experiment  several  times,  and  always  obtained 
similar  results*. 
l)i#>rerce  of  It  apppiirs  therefore  evident,  that  the  formation  of  car- 
iduueU  %r^  boDic  acid  in  Mr.  Murray's  experiments  must  eithtr  have 
been  owin^^  to  his  havin;^  used  water,  or  to  the  passes  em- 
ployed containing  oxigen.  Indeed  he  states,  that  there 
iras  a  residue  of  common  air  in  one  of  the  experioientSp 
ipvhich  he  considers  of  the  most  decisive  nature.  Now  it  is 
well  known,  that  carbonic  acid  gas  is  formed,  when  car. 
bonic  oxide  and  atmospheric  air  are  detonated  together. 
We  are  not  at  a  loss  therefore  to  account  for  the  difference 
of  the  results  of  Mr.  Murray's  experiments,  and  of  those 
which  we  obtained. 
In  fcvour  ef  The  former  were  in  opposition  to  Mr.  Davy's  theory,  and 
lKv;jr«  ^^  repetition  they  are  not  found  to  oppose  it ;   and  thas, 

instead  of  invalidating;  Mr.  Davy's  concl unions,  they  have 
c^uite  a  contrary  tendency  ;  they  prove,  that  his  theory  will 
bear  clobe  examination,  and  that  the  facts,  which  at  first 

•  The  carbonic  oxl<Se  ufctl  was  procured  from  native  carbonate  of 

barytcfi  and  iron  filings,  and  the  oxi muriatic  gas  {rom  hypcroxi muriate  of 

potaUi  by  strong  muriatic  acid;  ihc  6rtit«fortions  only  werv  preserved, 

which  ay  pear  to  be  nearly  pure  oximuriatic  gas. 

Ntw  discover-      Since  tlus  paper  was  written,  Mr.  Davy  ha>  discovered  that  there  ex- 

td  compound    i$ts  a  very  curious  |:afeous  compound  of  oximuriatic  gas  and  oxigcn, 

ot  oxtimiriatic   which  m:>y  be  form*. d  from  hvpcroxi muriate  of  potash  by  diluttd    mii- 

*  jj  riatic  acid,  assistrd  by  a  low  heat :  Posfibly  Mr.  Murray^  gas  may  have 

conuined  this  substance,  ^hich  we  have  found  will  convert  caib<mic 

oxide  into  carbonic  acid.     Wh>^n/)ure  oximuiiatic  gas  is  used,  ihe  rcsulu 

are  as  abovf  stat^Hi. 

From  the  purticiilars  relating  t<^  this  compound  of  oximuriatic  fas  and 
oxigpij,  desciibt'd  by  Mr.  Davy  in  his  paper  on  the  fruliject  just  read  to 
the  Rrtyal  Society,  Uicrfs  arc  such  additional  proofs  of  oximuriatic  gas 
being  an  undccompoundipd  body,  as  must,  I  conceive,  cairy  conviction  t* 
thoft^  nhQstiU  adhere  Vj  the  old  hy|H>tkcsiit 

appear 
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appear  ininiicttl   to    it,    do,    when  nilnutety  invCsli^ilFA, 
sAortt   xdililioiiHl  (iroof  of  its  tuxunvy,  and  of  th*  intor- 
t«('t»«M  of  (lie  old  liypnthni*. 
^^     M».  Murmy  was  t-oiifiruied  inlliebelief  of  the  existence  of  Mr- Moiiii'»l 

%»;ii{Mt  in  oxiinuristic  g«»  ftom  ihe  rcsulla  of  coine  expsri-  "f^  o""";^ 
*nieiit  which  h«  mit((i^  with  this  subttnncc  and  siilphnretted  ticui<l>ul- 

^idrogsD  pw.     Hu  rtiit«,  that  when  b  omull  qoouttty  of  the  ^^^^'^^^ 
latter  in  admitted  into  u  g'lobi'  contnimngn  la'g^  i^unnlityof 
tk«  fi>rmer,  no  depasilinn  of  But)ihur  tnkfs  pTuce  ;  nnd  only 
anlightcluudineiiK  IK  produced,  which  Hoon  disHppcara,  and 

'leaven  the  ^aii  a«  Iratinpareiit  ws  ut  firtl.  It  is  Mr.  Murray'f 
epiiiiun,  that  sulphuric  acid,  or  protialjly  Bulphucoua  acid 

^gas,    is  fciruied,    l>e!<ide*  tlie    muriatic   acid  t;aa.     1  ahall 
■ilently  i>ae«  by  the  expcritnenls  of  this  gentleman  in  which 

'teoter  intprfered,  for  obvious  reasom.  And  before  I  com- 
teent  on  the  »bovc  tfsults,  I  uck  permission  to  mention  those, 
«hich  wete  obtained  by  Mr.  Davy  tind  uiynHf  in  repealing 
this  experiment  in  different  toniun.  On  adding  3  nieuturea  Theta  («pnS 
•f  dry  sulphiiretled  hidroiji^n  to  6  mt-nsures  of  oximuriaUc  *^  '"*  *fi™* 
gab  (n  ajar  over  reeemly  boiled  ineicury,  there  nag  a  *ivi« 
Htiflaniaiation,  r  coudenealion  equal  lo  3  meosares,  and  a 
W')|;ht  depo^ilioii  of  sulphur.  The  colour  of  the  gus  was 
'ttot  entirely  destro];ed,  but  it  soon  diMppearcd,  and  the 
•utphur  at  Grbt  precipitated  was  no  longer  viMblc ;  but  its 
Iplauc  was  supplied  by  a  tine  amber  culuured  dew,  similar 
Xo  the  uxi muriate  uf  aulpbar  of  Dr.  Thomson,  and  there 
Vas  a  farther  cooduiisatioii  equal  to  2  measarrs.  The  mo- 
"tiatic  gas  throwu  into  the  air  hud  not  the  slightoit  smell  of 
mlphurous  acid  ^us,  but  it  hud  the  peculiar  one  of  oxtmu- 
,U8t«  of  sulphur ;  and  the  wateri  by  wtiich  »ome  of  it  had 
bcun  obiorbed,  produced  ouly  a  tilight  doudineta  with 
tetirial«of  barytes. 

*     From  these  results  it  appears,  that  mnrlatic  acid  gaa  and  Xouh*. 
toxiiuuriate  of  sulphur  are  the  only  Kulistimces  formed. 

We  have  aarerlaiticd  by  direct  trial  that  oxiruitriatc  of  0»iin>iTi»t- «l 
•ulpliur  ris.s  in  vapour  iu  muriutic  acid  gas.     For  the  acid  ',"^j| ,"'„'"' 
fis,  after  couliitemeut  over  mercury  in  contact  with  thia»ut>-  miinitie  set! 
Itance,  had  tta  very  peculiar  suieli,  und  a^ectcit  muriate  of '"* 
liaryteawith  a  cloudiness. 

Fma  Mr.  Murray's  a(.-count  it  appeared  probable,  that  Gueaut  vp)* 
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compound       a  gajieonib  triple  roni|iOonr)  of  oximiiriatie  acid^  bidro{*r», 

prf/jabl>fbrm- ^ijj  sulphur,,  wag  formed  in  his  eKperimetittt,  as  he  lakes 

no  notice  of  the  appearance  of  ^).V  coiidented  fluid  on  the 

-.    _._    ^.   Siideb  of  hiA  vessels.    Toaicertain  uihetber  this  was  the  case, 

jLxp^nmiTi  TO  ... 

•Kcerf&in  thit.  we  have  o| aerated   upon  large  quaiitiu^hft.      Three  cubic 
inches  of  sulphuretted   hidro^n,.aHow(Ml  to  |uis8  from  a 
receiver  with  suitable  stop-rocka  into  a  tube  containiDg  6 
cubic  inrhes  of  oximuriatic  ^as,  inflttmefl  as  it  entered  ;  • 
very  slight cloudinefs was- produced » which  soon  disappeared  ; 
and  there  wss  an  imniediate  formation  of  oximuriate  of 
sulphur,  which  condensed  on  the  interior  of  the  tube,  and 
was  not  redissoived  by  tlie  muriatic  acid  gas,  though  beat 
WB»  applied, 
prrripiutlons        fa  respect  to  Mr.  IVIurray's  res^ults  [  have  only  to  observe* 
barrt^"a(>       that  as  he  absorbed  the  muriatic  acid  gas  by  water  in  the 
cou'nwd  for.     very  vi^ssel  ia  which  the  experiment  wa.s  made,  the  solution^ 
thus  formed,  should,   as  it  indeed  did,  occasion  a  copious 
precipitate  with  muriate  of    Ixirytes.     It   is   now  a   well 
koowD  fact,  tliat  the  sulphuric  aiid  muriatic  acids  are  formed 
by  the  decomposition  of  oximuriute  of  sulphur  by  water* 
Habi»9t»foxi-       li  may  not  perhaps  be  im pertinent  to  the  subject  to 

murialic  with  ,  .  ,     •  ..        ,    ,  .  •  . 

«iilphufoui       state,   thai  the  relation  ol  sulphurous  acid  gas  to  oximu* 

acid  gus.  Tiatic  gas  is  precisely  analogous  to  that  of  the  gaseous  oxide 

of  carbon*  I  ascertained  some  months  ago,  that  the  two 
gasses  previously  dried  admitted  into  un  exhausted  glassglobe 
remain  toi^etlier  without  any  al titration  takinnr  place  ;  but 
that  if  a  little  water  be  present,  muriatic  acid  gas  and 
sulphuric  acid  are  quickly  formed. 

1   have  examined  with  that  hc-edom,  which  the   s^ubject 
required,  Mr.  Murray's  objections  to  Mr.  Davy's  theory, 

TheoMhyp<>i  and  his  in&cenious  defence  of  the  old  hvnothcsis.     An  hvpo- 

ttifftift  not  ^iii*  *  * 

iicieii':,  to  ex- thesis,   I   humMy   imagine,   inadequate,  lif    sdmitted,    to 

}tlain  Alt  the     exp:nin   uU    the  phenomena,  and   inf.'oiisistei>t   with  many 
yhcnoiuitiia.  i.ii.  mn  i.  ■ 

wi'll    nnthrntidted    facts.       To    illiistnite    this    assertion, 

\rt    it   l»p  ^ni'ited,  that   Mr.  Murray,  avoidiii*r  all  sources 

of  inarrurar'v,   obtained    carbonic    acid  gas  by   detonating 

Itis  mi\tn(v  of   oximuriatic    gns.  hiclro^en   gas,   and    car* 

>»onic    o\i<ie.      Mr.   Murray    allows,    that    muriatic    acid 

is  inrapable  of  existint;  in  a  gabcons  state  without  com- 

^ned   water:  ?ind   I   have  stilted    facts,    which  a^ipear   to 

me 
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to  demnnrtraie,  thil,  if  mnriatic  >uAA  gaa  doe  <w»> 
Jttiin  waiQr.  tbc  projionton  i*  nut  vnrinblt-,  but  uiiifarmly^ 
.tbe  nioB :  f  )iat  the  sntullent  quantity  cumiot  tie  otwtnKlMl 
witliout  dnlrofinit  Uk  gMt,  aiwI  c«aticrt  be  added  wllbsat 
coodensinif  it  tind  roroiing  liquid  mnnutic  iidd.  In  th« 
given  iiiilvtiCF  the  liidniKeii  <wmt>ines  wilh  the  o.timuriatic 
||U.  Ibruiuii;  commnn  muriiitii-  ff^n,  a  con>t>nund  accordint; 
tohfpotbftit  of  rnuriBtic  auidand  wster;  thvre  u  no  ti({>«r- 
fluouH  water  pToduced.  only  the  exact  proportion  n«c»Mr)- 
to  ri^nder  the  acid  unseou'  :  It  i«  impoisihle,  therefore,  thot 
the  other  part  nt  the  inuHatic  acid,  whtL'h  iHrietidfra  it* 
■Bxijten  to  tbe  ^mi^nu*  ci\idc  of  oirboii  -lo  tortu  ratbontc 
acid  gut,  cnti  becoKie  .)(ii«coum;  water  is  neroii!><ii>y  for  tbia 
change,  iind  no  <rutrr,  tiitt  thut  cnntinnl  in  Itie  mtltiatic 
•eid  |ia*(ilrrndy  formed,  ia  present.  Vet  it  doe»  lici-oiae, 
<nccnrdin)f  to  the  cvperimMit,  tmiriatie  acid  gasf  which  i&  a 
contrndii'tian,  ai>d  by  ilseif  smuuiita  to  a  ptoof  of  the 
tnaccutacy  ul'  ill*.-  liypolhetis. 

Mr.  Dailoi>,  Jo  (he  -et-oud  part  of  bia  "  System  of  Che-  Mt,  Dilten 
mical  Philosophy,"  idhfit*  to  the  rfd  opinion  of  oxirau- Jjfj"^''^^'^^  *• 
riatic  gus  he'iag  a  totnpound  of  niuriuUv>gii3  ami  Dxijfen. 
In  this  resppct   heBgrerswiih   Mr.  Murray;  but  }ii(  ideas  bat  hiibUu 
concerniuf;  uiurialic  acid  ((as  aie  very  diderent  IVam  those  "^ ?"'"*  .^ 
of  tile  luttirr  g(;ntleraan.     Accordiug  to  Mr.  Ualtou,'  uiuri-  If-m  vti. 
■tic  utid  gn»  itself  ii  «  simple  bodyi  cootaiiiing  no  wnter.  '^•""J"'- 
To  account  far    the  bidrogen  produced  irhtn  poMUNuo)  Hi«  •uppa°k 
and  Bodium  are  heated  in  this  ga°,  he  Euppom-s,  that  tbv*i^ '""' 
metals  are  compounds,,  that  they   cou«iit    of   the  lixed 
alkullG    united    respectively   to    hidcogeu,    arhicb     hidro- 
gen  is  liberHted,    when    inuriute  of  poUith  niid  suda  are 
uviide  in  iliecircuniatunceajUKt  tuentioiicd,     IcDnnot  pre- 
tend   to  «ay,  whether,  when  lie  adopted  tlii»  hy|>olhe»ib,  bp 
wasawari*  of  its  co listen iiei ice*  ;    nlielher  he  was  uc<{(iuiiued 
with  the  fact,  that  there  i»   ho  singuluiity  atiendii*^  Uie 
action  of  tbe  iiielalt  of  the  alkali*  on  muriatic  avid.]fa». 
sod  that  tin,  zinc,  iron,  and  mercury,  piodiice  a  (ioiitar 
Be|iaratian   of    hidrogen    from  it.      The  neccs&ary   coB>e- 
qutrncc  of    Ihia  view,  if  followed  fuirly.  lo  its  full  exififit, 
U  the  ndnption  of  the  doctrine  of  phlogiiluii.     It  u  not  piy  i^^,  ,«  ,),* 
tntentioQ  to  dliruM  the  merilf  of  .Mr,  Dulivi/i  •ptculalion*.  •<if'"t  •»  't* 
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ttblofittiote*  I  mention  them  merely  ai  they  offer  a  contrast  to  Mr.  MuS 
tntaff*  raj*s.    The  instances  of  these  two  gentlemen  show  the  na« 

ture  of  hypothetical  reasoninp^y    and  its  tendency,  when 
followed,  to  draw  the  ablest  philosophers  into  difficulties. 

I  am.  Sir,  with  great  respect. 

Your  very  humble  serrant, 

JOHN  DAVY. 
LtmdoHt  Feb.  Of  181K 


VI. 

4n  Estimaie  of  the  Height^  Velocity t  and  Magnitude  of  iki 
Met  cor  i  that  exploded  over  IVeston^  in  Connecticut^  Decern^ 
l^er  the  14/A,  180? :  with  Methods  of  calcttlating  ObservM" 
tiuns  made  on  such  Bodies.  By  Nathaniel  Bowdetch, 
A,  M.  A.  A.  S,  and  Member  of  the  Philosophical  Society 
held  at  Philadelphia, 

f  Concluded  from  p.  Q7.J 

Observatiofu  ai  Wenham^  Weston^  and  Rutland, 

Account  of  ^OME  time  after  the  appearance  of  the  meteor,  I  went  with 
Iheappearance  ^f.  Pickering  to  Mrs.  Gardner's  house  in  Wenham,  where 
M  Weiihim.  *^^  ^^  observed  the  phenoraeuon.  She  informed  ua,  that 
on  the  morning  of  the  fourteenth  of  December,  1807*  when 
she  rose,  she  went  toward  the  window  of  her  chamber, 
wliich  looks  to  the  westward,  for  the  purpose  of  observing 
the  weather,  according  to  her  invariable  practice  for  many 
years  past.  The  sky  was  clear,  except  a  few  thin  clouds  rn 
the  west.  It  was  past  day-break,  and  by  estimation  ubout 
half  an  hour  before  sunrise,  or  seven  o'clock.  The  meteor 
was  immediately  observed  just  over  the  southern  part  of  the 
barn  in  her  farm  yard,  nearly  in  front  of  the  window ;  its 
disc  was  well  defined,  and  it  resembled  the  moon  so  much, 
that,  unprepared  as  Mrb.  Gardner's  mind  whs  for  a  pheno- 
ynenon  of  that  nature,  she  was  not  at  first  aware,  that  it  was 
Dot  the  moon,  till  she  perceived  it  in  motion »  when  her 
^rst  reflection  (to  use  her  own  words)  was — where  is  the 
moon  going  to?  The  reflection  however  was  hardly  made, 
when  she  corrected  herself,  and  with 'her  eye  followed  the 
Vody  with  the  closest  attention  throughout  its  whole  course. 

It 
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It  moved  in  a  direction  nearly  parallel  to  the  horizon»  and 
disappeared  behind  a  cloud  to  the  northvvard  of  the  house 
of  Samuel  Blaochard,  Esq.  The  true  nzimath  of  the  Admuths  of 
south  part  of  the  barn  from  the  place  of  observation  is  compttUon, 
tV.  107*59' W.  its  altitude  3**  05'.  The  top  part  of  the 
building  is  horizontal.  The  azimuth  of  Mr.  Blanchard*s 
house  is  N.  148*  S22'  W.  Thrsr?  buildings  were  useful  in 
determining  nearly  the  limits  of  the  azimuths  of  the  meteor. 

The  azimuths  were  obtained  by  observing  with  an  excel- Mtthod  of  n%« 
lent  theodolite  the  differenccf  of  the  azimuths  of  the  sun  *'"*"'*  ***•"*• 
and  object,  and  finding;  the  sun^s  Azimuth  by  his  observed 
altitude.     The  snme  method  was  made  uste  of  in  obtoining 
the  azimuths  of  the  meteor.     The  angular  elevation  of  the  Elevation  and 

meteor  above  the  horizon  appeared  always  greater  than  that  3^*"™"****  °^ 
_,_  a/         111  I  n  .*.  _  the  meteor 

of  the  barn  9   25  ,  and  less  than  that  of  a  tree  in  front  of  from  thesoob* 

the  window,  along  the  branches  of  which  the  meteor  ranged  j**'^******"* 
the  altitude  of  the  top  of  this  tree  was  7*  10'.  These  fixed 
objects  seri'ed  to  dt-termine  the  altitude  of  the  meteor, 
which  is  the  most  important  element  in  the  calculation,  to 
a  considemble  degree  of  accuracy.  After  the  theodolite 
was  carefully  adjusted,  Mrs,  Gardner  directed  the  teIeF.cope 
attache<l  to  the  instrument  towards  that  part  of  the  heavt>hR 
where  she  first  saw  the  meteor  ;  the  true  azimuth  was 
N  106*  54'  54"  W.  Altitude  5*  50'  40'.  The  azimuth  of 
a  second  place  where  it  was  seen  was  Nil?"  35'  54"  W. 
Altitude  at  before.  The  azimuth  of  a  third  place  wa« 
N  132'  15'  54"  W.  Altitude  5**  29'  40".  The  azimuth  of 
the  place  of  disappearance  was  N  144*'  33'  54''  W.  Aiti* 
tude  4''  1'  40"*.  All  these  azimuths  fall  within  the  limits 
mentioned  above,  but  the  two  last  are  undoubtedly  t6o 
great.  For  a  great  circle  passing  through  Wenham  aild 
Weston  is  inclined  to  the  meridian  of  Wenhum  by  in 
angle  equal  to  135*  18'  SB",  and  as  the  two  Inst  azimuths 
exceed  that  quantity,  they  fall  to  the  southward  of  Westoti, 
which  cannot  be  correct,  because  the  meteor  disappeared 
before  it  arrived  at  the  zenith  of  Weston,  as  was  observed 
by  Judge  Wheeler.     It  happens  fortunately  in  the  presebt 

•  h«  the  following  oilsulations  th«  allowances  made  for  rcfiactton  In 
the  alHivc  olHervations  were  *'  W",  8'  50",  9'  arid  10^  10"  making  ita« 
aliitudci  respcctWelj  5*  41'  SO",  5«  41'  M)",  5«  iO'  4C",  and  fl«  dr  tfO". 

Initauctf 
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iDstance,  that  the  other  places  of  observation  at  Weston 
«nd  Rutland  are  so  situate  with  respect  to  Wenliaoa,  tliat 
a  considerable  errour  in  the  azimuths  at  Wenhaui  wouid 
not  materially  affuct  the  result  of  the  calculation  made  for 
determining  the  height  or  direction  of  the  meteor,  as  will 
appear  in  the  following  calculations.  Mis.  Gardner  sup- 
posed the  meteor  to  have  been  visible  about  half  a  uuiiute. 
How  long  vi-  In  its  progress  it  was  occasionally  obscured  by  thin  broken 
»bie.  clouds,  which  intercepted  the  view  of  it  several  times.     No 

V«locik3r«         train  of  light  was  observed  to  accompany  it.     Its  velocity 
did  not  appear  to  be  so  great  as  that  of  shooting  stars. 
Its  colour  was  more  vivid  than  that  of  the  moon.     The 
place    of  observation   at  Wen  ham   is  in   the   latitude  of 
42*  40'  15"  N,  and  in  the  longitude  of  70*  50'  15"  W  from 
Greenwich. 
Appeanncc  of      By  tlie  observations  of  Judge  AVheeler  at  Weston,  pub- 
WeSIT^'*^   li^hed  in  the  interesting  memoir  of  Professors  Silliman  and 
Kiogslcy,  in  the  sLxth  volume  of  the  Transactions  of  the 
.American  Philosophical  Society  held  at  Philadelphia,   it 
appears,  that  on  the  fourteenth  of  December,  IHO7,  at  about 
6*h.  30',  A.M.,  '*  nunxerous   spots  of  nitclonded  sky  were 
**  visible,  and  along  the  northern  part  of  the  horizon  a  space 
**  .of  ten  or  fifteen  degrees  was  perfectly  char.     The  atten- 
tion of  Judge  Wheeler  was  lirst  drawn  by  a  sudden  flash 
of  light,  which  illuminated  every  object.     Looking  up 
he  discovered  in  the  north  a  globe  of  Hre,  just  then  pass- 
**•  ing  behind  the  cloud,  which  ob^cured  though  it  did  not 
'*  entirely  hide  the  meteor.     In   this  situation  its  appcar- 
*'  ance  was  distinct,  and  well  difined,  like  that  of  tlie  sua 
"seen  through  a  mist.     It  rose  from  the   north,  and   pro- 
••  ceeded  in  a  direction  nearly  ptTpendicular  to  the  hori- 
"  son,  but  inclining,  by  a  very  small  iUi;>;lc,  to  the  webt, 
•*  and  deviating  a  little  from   the  phmc  of  ai  great  circle, 
**  but  in  pretty  large  curves?,  sometimes  on  one  side  of  ihc 
**  plane,  and  sometimes  on  the  other,  hwi  never  making  an 
**  angle  with  it  of  more  than  four  or  live  degrees.     Its  ap- 
**  parent  diameter  was  about  one  half  or  two  thinls  tlse  a|i- 
*•  parent  diameter  of  the  full  moon.     Its  progr»*ss  wa*  liOt 
*•  to  rapid  as  that  of  common  meteors  and  hlnjojing  stars. 
**  When  it  passed  behind  the  thinner  clouds,  it  uj>i>eared 

•*  brighter 


<c 
«c 
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brighter  tbtin  before ;  and  when  it  pM!i«d  the  ipoti  of 
elcMT  %ky,  it  fluilieiJ  willi  ■  vivid  ttghi,  jet  oot  so  intvnie 
■«  tlie  ItgUtaing  ufu  ihunder-eloTm.  Wlitre  it  was  uot 
loo  much  obscured  by  thick  duud«,  a  waving  coaicnl 
trkiii  of  jialer  light  ir»  ncn  to  attend  it,  in  leiiKth  about 
10  or  l'2  iliauictert  of  the  boily.  In  the  deftr  sky  «  britk 
enroillution  »as  ohierved  about  the  body  uf  the  meteor, 

*■  like  thill  or  u  huiniiig  fire-brand  ciirritd  ogaiust  the 
wiad.     It  disappeared  about  15  degrees  khori  of  the  ie> 

I*  nith,  and  about  the  Mine  number  ofdei^rees  west  of  the 
meridiun.  It  did  nut  vanish  iiislantaneout))',  but  grew, 
pretty  rapidly,  fainter  and  fainter,  ai  a  rfd-hot  caunou 

f  ball  would  do.  if  ti^oliptg  in  the  dark,  only  with  much 
more  rapiJity.^The  whole  period  between  Us  first  a^ 

P  pcnraiice  and  total  extinction  ivas  eetimated  at  about  SO 
tecoodii.  Ahout  30  or  40  leconda  after  this,  three  load 
and  distinct  reports,  like  those  of  a  four-pounder  nnr 
at  hand,  were  heard.  Then  followed  a  rapid  succesMoa 
of  reports    lc!>s    loud — so  as    to    produce  a  contiDUed 

f  rumbling.  This  noiie  continued  about  as  long  as  the 
body  was  in  rising,  and  died  away  apparently  in  the  di- 
rtetion    from    which    the  meteor    came."— Mr.   Staples 

observed,  "  thnt  when  the  meteor  disappeared,  there  were 
upparenlly  three  successive  efforts  or  leaps   of  the  fire 

-f  bull,  which  giew  more  dim  at  every  throe,  and  distip- 

**  peared  with  the  last.  From  the  various  accounts  winch 
we  have  received  or  the  appearance  of  the  body  at  difler- 
ent  places,  we  ore  inclined  to  believe,  thnt  the  time  be- 

*'  tnetn  the  disappearance  and  report,  as  estimated  by 
Judge  Wheeler,  is  too  little,  and  thnt  a  minute  is  the 

*'  least  time  that  could  have  intervened."     The  latitude  of 

Vesion   is   nbont    41*  15'   N,   longitude    73°  2"    W   from 

Grt/enwich,  but  there  is  a  little  uiicertuinty  in   both  these 
ilities,  though  not  enough  to  afieet  materially  the  re* 

aull  of  the  cak-nlntinn. 

The  ohservntions  made  at  Rutland  wpre  procured  by  Ihe  Appwanw  of 

\mi  offices  of  Professur  Hall,  of  Middtebury  College,  Ver-  ^^^^^' " 
'  moot,  10  whom  Mr.  Piige  com  muni  cat  ed  his  vnlnable  ob- 

■ervuliona  in  a  paper,  eicpressed  in  the  following   terms. 

**  1  was  at  the  west  door  of  my  huuic  oa  iUandj^ 

M,  xxvm— Mabch.  1811. 
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«•  ing,  the  fourteenth  of  December,  1807,  about  daj-light ; 
«*  and  perceivinji^  the  sky  suddenly  illumiiiutedy  I  raised  my 
<<  eyes»  and  beheld  a  meteor  of  a  circular  form,  in  the 
**  southwesterly  part  of  the  heavens,  rapidly  descending  to 
**  the  south,  leaving  behind  it  a  vivid  sparkling  train   of 
^*  light.  The  atmosphere  near  the  south  part  of  the  horizon 
**  was  very  hazy,  but  the  passage  of  the  meteor  behind  the 
**  clouds  was  visible,  until  it  descended  below  the  roonn- 
**  tains,  about  twenty  miles  south  of  this  place.  There  were 
*<  white  fleecy  clouds  scattered  about  the  sky,  but  none  so 
*'  dense  as  to  obscure  the  tract  of  the  meteor,     I  now  la* 
'*  meot  that  I  did  not  make  more  particular  observations  at 
*'  the  time,  and  1  should  probably  until  this  day  have  con* 
'*  sidered  it  to  be  what  is  commonly  called  a  *  falling  star* 
**  had  I  not  read  in  the  New  York  papers  an  account  of  the 
*'  explosion  of  a  meteor,  and  the  falling  of  some  meteoric 
**  stones  near  New  Haven,  Conifecticut,  which,  by  recur* 
**  ing  to  circumstances,  then  fresh  in  my  recollection,  I 
"  found  to  be  on  the  same  morning  that  I  observed  the 
'*  meteor  at  Rutland,     i  am  indebted  to  my  learned  friend, 
''  Dr*  Samuel  Williams,  for  hinaid  and  directions  in  ascer- 
'*  taining  the  situation  of  the  meteor,  when  I  first  observed 
*'  it,  and  its  course,  and  also  for  the  order  of  my  observa* 
Pf^crlption      "  tions.    Fcrmt  circular.    JMaguitude^  less  than  a  quarter 
andpl«c««f     •<  ^f  ti^g  diameter  of  the  moon.     Colour,  red  vivid  lijrht, 
''  **  Tail,  or  train  of  light,  about  eight  times  the  length  ol*  its 

*^  diumeter  at  the  least,  projected  opposite  to  its  course. 
*'  Azimuth  when  first  cbservod,  about  9**  30'  west  of  the 
**  meridian.  Altitude  when  tlrsi  observed,  about  1 8*"  30  *. 
*'  D^acvwi  to  the  south  part  of  the  horizon,  uest  of  the  uu'* 
**  ridian,  by  t'btimation  7  or  S  degrees.  Motion,  very  rapid, 
'*  probably  thirty  seconds  in  sight.  Place  of  obstijtatimi, 
**  Kutland,  county  of  Rutland,  and  state  of  Vermont,  la- 
"  titude  A'y"  36  N,  as  ascertained  by  Dr.  Williams;  lon^!- 
**  tilde  west  froin  Greenwifli  [7-*  5S'  Mi]  as  ascertained  by 
"  Mr.  Bowditch,  by  cah:u!utiui)s  made  upon  obijiervatiou 
•*  of  the  solar  eclipse  of  June  iG,  ISOOV  In  a  letter, 
^%]>ti'h   aeroinpriuied   the   pnci.'ding    )Kiper,  i\Ir.  Page   ob- 

*  i'j   making   u'^c  of  iViis  aliiiml-,  3' for  refrftcriou  wai  subtracted, 

\ervrd» 
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■rvedi  thst  his  recollei-tion  of  (he  mt^ftir  wu  prMty  di*- 
bcti  nnil  thrti  hr  wu  enabled  to  determine  !ti  situation  bf 
■e  position  of  certain  kuown  objects, 

*  Dttivrtiont  from  thg  prfeetlinf  pbstTvathnt. 

'  Theflbsenntions  tnndu  it  Weiihnm,  cotnbiued  i»  nirioos  CulcuUtioin 
»■)■«  with  those  Ht  Rutland  and  We' 

^*en  in  the  prfceding  prbblemBiTurntsk  the  ntiilts  ron- lu 
■(lied  in  T«b!e  t,  in  which  the  girpn  qunntities  are  marked 
rith  an  asterisk.  These  quantities  are  varied  a  fevr  de- 
prcpe  in  the  different  examples,  for  the  purpose  of  forming 
■n  nttmnte  of  the  chnr)<^  In  the  culculnted  {>litee  of  the 
meteor,  from  sny  BUp[in«ed  erroiir  in  the  observationa.  la 
the  twii  first  TMmplrs  are  combined  (by  Problem  S)  the 
niniuth  and  altitude  observed  ut  the  tint  appearance  of 
lie  mrtiror  »t  Riitluud,  with  vartoas  sopposed  altitudes  st 
Wcnhntn.  The  3d  uud  4tli  exnmple^  are  like  the  first  and 
icond,  excfrpt  in  a  small  chungs  in  the  nltitude  and  nzi- 
iiith  At  Kuilnnd.  In  the  fiflh  uud  sixth  exumples,  the 
first  ntiaiulh  and  alliwde  observed  ut  Wenhnm  are  com- 
bin<>d  (by  Problem  I)  wilh  the  azimuth  at  UVslon,  sup. 
ipoiinjt  it  in  the  5th  examjile  to  be  north  ;  and  1ti  the  (Jih 
H  S°  W.  Tlie  7th  and  8lh  examples  ctftttain  the  resullf 
roui  combtnin^  the  same  Wenhuui  observction  with  the 
zimath  ni  Rutland.  !<uppo!iiug  itiu  the7ih  eKuinptelobc 
If  170*  30'  W,  und  in  the  flih  N  173*  W.  From  the  9tli 
to  the  t^tb  exumples,  the  same  calculations  are  repented 
ifith  the  second  VVenhain  azimuth  and  altitude.  In  the 
l3lh  esumple.  l)ie  aziiouih  and  allitudt  at  Weston,  at  the 
e  of  the  digappearance  of  the  meteor,  nre  cmnbimd  with 
the  altitude  lit  Weuham.suppodogit  5*:  in  the  thiee  fol- 
lowing example)  the  culculutida  it  repeated  with  small  va- 
riutinns  in  the  valun  of  the  gKen  quantiticn.  The  siimutha 
I  Wenhnm.  calcnlatetl  in  the  13ih  and  nth  examples,  ar% 
i-iJe  Use  of  in  llie  I7ih,  I3lh,  and  igih.  with  the  cotr«> 
•pondiuti;  a««uni«d  altitudes  ut  Wenliani,  and  the  sximntt^ 
at  Rutland  at  the  time  of  the  difiap  pea  ranee  of  the  meteor, 
•upponngit  to  bt^  N  (73*  Win  the  17th  and  18th  example*, 
«ad  N  170'  30'  W  in  the  igth. 

It  appeun  b;  thii  Ubie,  that  in  the  Sih  and  (>th  exaaiplM 
P*  the 
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Calculations  altitude  of  the  meteor  at  Wetiton  was  about  l6*  30'^  and  in 
trcim  thr  pfi?.  the  9th  and  lOlh  aliout  36\  Now  if  the  mcleor  a)»peured 
aiioiii!  *  *^'  *  *^  Weston  to  describe  a  fjreat  circle,  beginning  at  the  north 
part  of  the  horizon  and  tprminatins;  at  a  point  having  the 
azimiitli  N  15*  W  and  altiiude  75'  (which  was  ncai-ly  the 
case  by  the  obsprvations  of  Jud(;e  Wheeler)  the  azimuth 
corresponding  to  the  altitudes  Iti''  30'  and  3G%  would  be  re* 
spectively  1**  11'  and  2*  S3\  as  is  easily  found  by  spherics. 
Tlie  plar^ch  of  the  meteor  cnrrr^pnndiiii^  nearly  to  the  azi- 
muths I**  ir  and  2'*  o3',  are  ^ive^  in  the  three  right  hand 
columns  of  the  tuhle  opposite  to  those  examples ;  these 
c;uu!itities  hi-inj;  found  by  proportion.  Thus  by  the  5th  and 
Dth  f'XiunpU>,  the  latitudes  corresponding  to  the  azimuths 
0*  and  3' are  42' 3' 6"  and  42*  ^i'  15",  varying  51"  by  a 
change  of  3*  of  aximuth  ;  hence  the  latitude*  correspond  in  i; 
to  the  azimuth  1*  11' is  42*  2'  46',  or  42'  3'  45",  as  iu  the 
table.  The  other  quantities  were  calculated  in  the  same 
manner.  The  azimuth  of  the  meteor  at  Wcnham  at  the 
time  of  disappearing  was  not  far  from  123'  30'  or  I24*«  at 
i«  evident  from  examples  13,  14,  15,  and  l6.  Mrs.  Gard- 
ner supposed  the  meteor  to  have  been  vi:»ible  considerably 
south  of  this  point,  which  could  not  be  correct  for  the  rea- 
sons stated  in  the  former  part  of  this  paper.  By  taking  the 
Hocond  and  third  azimuths  and  altitudes  of  the  meteor,  as 
r^li mated  by  Mrs.  Gardner,  and  tinding  by  proportion  the 
altitude  corresponding  to  the  azimuth  1'23'30'  or  124%  and 
allowing  9' or  10  for  refraction,  the  altitude  will  be  found 
t(i  differ  but  few  minutes  from  5' 30',  which  is  made  use  of 
m  the  I4th  example.  l*he  estimated  altitude  would  have 
been  found  nearly  equal  the  same,  if  the  four  obser\ations 
atWenham  had  been  taktn  into  the  calculation,  by  the 
usual  method  of  interpolation,  explained  by  Sir  I.  Newton 
ill  the  Princip.  Lib.  3,  Lem  5*-  TI»e  results  of  the  14th 
example  are  assumed  in  the  ri<rht  hand  colums  of  Table  I, 
and  in  Tabic  IT,  as  the  true  values  at  that  time  ;  and  it  is 
eiden  t,  tliat  the  latitudes  and  loni^itudes  thus  found  musit 
be  nearly  c<irrt?rt,  since  the  meteor  disappeared  almost  in  the 
7enith  of  Weston,  and  a  considerable  errour  in  any  of  the 

•  lij  prtl:  p  \  l'»  ''".e  aiimu*}i  at  Wcnham,  and  a  foi  thecorre-pondtD* 
tllili..'.- c<i.c.  tc»l  for  iL'.rac^'wn,  i:x'>r:s>^d   in  degrees  and  di*ri;nalii,  the     I 
formn'a  .if  N.iwson  jfivfs  a  =1  'rCtl/vfJ— 0  0009488*  (A— 106-90*)  (A—    I 

observatioDt 


olisetTulioii*  woald  iiol  tnaterlHllv  HfTril  thi^  fcstill,  m  •p- Cntr uUiloni 
pwtn  by  comfianag  ixart)[>lvi  13,   14.  la,  nnd  16.     Thi» 'fm  "*  p|^ 
luiiludo  Kiid  tongiluiieajn^^K  u<arly  with  tlmt  oliUinn)  ■<>  mg,^  « 

Ike  inih  «xnrople,  bv  combining  ihenilmuih  and  altitude  ' 

n  Weuhaiu  Kilh  the  aitiuitlh  170*30'  at  KuUnud;  front 
'liich  it  appear*  prnbnlfle^  that  the  azimutli  at  the  iiit!l«ir 
t  KullBiid,  Hi  the  time  of  i»  disnpix^iauce,  mu<^t  have 
.bccTi  about  170*30',  and  Ihe  corresi'oiuliiig  ca'cH/a(«d  alli- 
.lilude  iit  llmt  (iliice  5*  io'  ;  but,  hy  Mr.  Pact's  observ]^ 
tioD«,  the  aximuth  of  the  meteor  nt  i!ie  time  of  its  disnp- 
peatriDcr  WHS  172"  or  17a',  being  about  a' gteater  than  by 
the  pre<-eiliiif;  calciilntions ;  atid  it  Beeuia  reaaoiiuble  to 
make  the  fame  allnwance  on  ilie  first  uzimuth,  observed  at 
Rulluitd.  This  correction  being  iniide,  the  azimuths  be- 
jCoiue  t(>a°  30'  and  I70"  3u',  and  tlie  altiudea  18*^7' and 
,  conespontling  rc^pectivt'lj'  to  tlie  first  and  Iiut  obser- 
•vstjons  at  Rutland.  The  uzimuth  lorrepuuding  to  any 
^il)teriiiedinte  altitude  may  be  found  suffirieiitly  near  by 
t«ippotii>|{  the  vuriationi  of  altiliide  and  u£imutli  to  be  pro' 
■J  eae!>  other.  In  tlii>  way  llie  u/imull>B  c»rre>- 
iijHtndirtg  to  the  uliitude«  of  6*  30'  aud  7°  30  t  "ould  be  te- 
.spectively  1 70° '^3'  and  170*  U';  which  uie  rather  leis»  than 
rlhe  Hziiniiths  made  use  of  in  exampIeiM  II  and  7.  1  he 
ycbunget>  to  be  made  in  the  ri-sulis  ut'  llicse  exumplex,  fcr 
I  aniall  diflerenre  of  aximaih,  nmy  be  easily  estimated 
^by  cumiwring  lho!<e  examples  with  the  IStli  and  eth.  in 
^thiawaywarefoundlhcMHsuiutd  vhIucd,  eorre*pondinf;  to  those 
)«x«mples,KiTeninlUcri<„-hthund  wtumuanr  Table  I.  By 
itakingthe  mean  of  the  assumed  vuliips  in  Table  I,  corre*- 
L|iondint|;  to  the  exninples  5.  6;  and  7,  Bj  «l»o  the  mean 
,Af  ihosediiHuced  rrmn  exiimpK-gg,  10;  and  11,  13;  there 
»i!l  be  obtained  tlie  ulliludrs,  latiliules,  and  lon){ito<ie«  nf 
l<lhe  meteor,  marked  in  Tulilr  II,  aslliemost  probable  values 
iwreponding  to  the  tinicaof  the  first  and  tecond  obsDita- 
ttoneDiadeat  V\  euham.  ^ 

•  Mr.  P-yf  'i>i-.  (I...t  l.f  -^-r.  >!.(  ni^tfrti  iHI  li  •tr-ftaicS  belo*  ih* 

n\j  tr.  :K  I't  lo  Jtifrmliie  bj  olttva- 

Inn  I  lie  |.  ■  I  heuBuv*  nwUurt  uf  (iifcn- 


£^."l'( 


•-implira  7,  1;   II,.  |i. 
wiiutd  hitiilj-  cauw  any 


f  ]4  ACCOtTKT  or  THE  KBTEOE  tfiEV  III  COVHeCTlCVT. 

Cklculatioiii  ^^  ^^^  ^^'^^  Rutland  observation  the  meteor  wm  not  seen 
^Ri  the  pre-  at  Wenham,  bince  the  azimuth  at  Wenham  at  that  time 
2JJJ2  ^**^^  waft  probably  less  than  84"  (as  appears  by  the  Grtit  four  exam- 
ples of  Table  []  and  the  first  observed  azimuth  exceeded 
106**;  so  tliat  thore  can  be  no  very  acrunite  estimate  of  the 
situation  of  the  meteor  at  that  time.  However,  as  the 
altitude  of  the  meteor  observed  at  Wtiiham,  and  its  calcu- 
lated altitude  above  the  level  of  the  sea  (found  in  Table  II}, 
did  not  vary  much  during  the  time  of  its  appearance  at 
Wenham,  it  is  highly  probable  that  no  chAnge  was  experi- 
enced from  the  time  of  tiie  (irAt  Rutland,  to  the  first 
Wenham,  observation.  The  preceding  method  of  inter- 
polation i^ives  for  the  azimuth  83*  14' oD' at  Wenham,  u 
f:orrespondin{^  altitude  at  that  place  of  7°  43*.  This  alti- 
tude with  the  azimuth  at  Rutland  168*'  30',  and  the  corre»- 
ponding  altitude  18*  27%  gi^'e  the  rebults  in  Example  2, 
Table  1  ;  which,  with  an  increase  of  9'  \2"  in  the  longi- 
tude, are  assumed  in  the  right  hand  columns  of  that  table 
and  iu  Table  II,  as  the  place  of  the  meteor  at  the  first 
Rutland  observation.  This  addition  is  made  to  the  longi- 
tude, because  the  mean  longitudes  as^umed  in  Table  II 
exceed  a  few  mile^  the  results  from  the  corresponding  Rut- 
land observations  in  Table  I. 

A,  mistake  of  1*  in  the  observed  altitudes  at  Wenham 
would  produce  an  errour  of  about  iSV  milesi  in  the  calcu- 
lated height  of  the  meteor ;  but  the  effect  of  this  source  of 
errour  cannot  be  great,  since  the  observed  altitude  roust 
have  fallen  between  the  limits  3"  Qo'  and  7**  10',  corres- 
ponding to  the  heights  of  the  barn  and  tree  ;  as  was  observ- 
ed above. 

With  the  altitudes,  latitudes,  and  longitudes  of  the  me- 
teor given  in  Table  II,  and  the  latitudes  and  longitudes  of 
the  places  of  observation,  were  calculated  the  distances  of 
the  meteor  inserted  in  Table  II,  to  give  at  one  view  the 
results  of  all  the  observations. 

•  This  anmiith  and  altitude  were  found  in  the  following  manner. 
With  the  asiiiiuih  at  Wenham,  estimated  in  Example  1,  79' 53' 46", 
was  calculated,  by  the  pu^rding  formula  of  interpolation,  the  corres- 
ponding altitude  at  Wenham.  The  difl'ereiicebetweeu  thin  and  the.«itp. 
posed  alii' lidc  6"  ^0'  wa»  culled  the  errour  of  tim  supposition.  'I  he 
operatio'i  was  reprated  with  aiiother  assumed  ultitud^,  as  8'',  and  the  ei- 
rour  of  this  &uppoi>iiiua  found.  By  the^e  errours  a  corrected  altitude  was 
calculated  by  the  Rule  of  False;  and  by  repeumg  the  operation  a  few 
timet^  the  above  axiiiiuth  and  altitude  weie  obtained. 
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TABLE    11. 

Placet  and  Disiances  of  the  Meteor  ai  the  Tunes  of  the  different  Observo" 
iions,  as  determined  by  the  mean  of  all  the  Calculations, 


Dixt^ncfoo:  (.ut  meuor.             i:*iitc«»ot  tne 

Timet  of  Observation. 

from 

nietri.r. 

Wenh.   W«t. 

Rutl. 

Alt. 

LaI- 

Long. 

mile*. 

miltri 

mtleg. 

miles. 

North . 

We*t. 

At  the  1ft.  Rutland  obssr^ation. 

124 

113 

57 

18*2 

4a''ar 

73  14' 

At  the  Ivt.  Wrnham  observation 

lo9 

59 

110 

16-2 

42  04 

/3  24 

At  the  9d.  Wenhim  observkiion. 

154 

a2 

141 

18a 

41  37  i 

73  27 

At  thf  liiiT"  Af  Mmppearinr 

1 67 

20 

»f>2 

i9*;> 

41    19^ 

73  284 

Coumeoff  iha        From  the  places  of  the  meteor  ^iven  in  the  preceding  ta- 
"*      ^'  ble  it  is  easy  to  find,  by  tlie  common  rules  ot*  trigonometry, 

that  its  course  was  about  S  7*  ^^';  in  a  direction  nearly  parat'^ 
lei  to  the  surface  of  the  Earthy  and  at  the  height  of  alwui 
and  its  height,  eighteen  miles.  These  points  appear  to  be  ascertained  to  a 
considerable  degree  of  accuracy.  The  time  elapsed  be- 
tween the  disappearance  of  the  meteor,  and  hearing  the 
three  loud  reports  at  Weston*  which,  accordi'  g  to  the 
estimates  of  different  observers,  was  at  least  sixty  seconds, 
serves  in  a  degree  to  coufirm  the  accuracy  of  the  estimated 
altitude  of  the  meteor.  For  the  velocity  of  sound  being 
1142  feet  per  second,  the  distance  corresponding  to  60 
seconds  is  6o  X  114*2  1=^8520  feet,  or  13  miles  nearly: 
consequently  the  height  must  have  exceeded  13  miles. 

At  the  first  appearance  of  the  meteor  ut  Rutland,  it  was 
elevated  at  leant  8"*  above  the  horizon  of  Weston  ;  and  at  its 
disappearance  at  ^Ve^ton,  was  above  5°  above  the  horizon 
of  Rutland  ;  as  may  be  easily  proved  from  the  places  of  the 
meteor  given  in  Table  II.  Now  as  it  was  seen  by  judge 
Wheeler  and  Mr.  Page  quite  near  the  horizon,  it  mu^t 
have  been  observed  at  both  places  from  the  time  of  the  first 
Rutland  observation  till  its  disappearance  at  Weston.  The 
dibtance  of  the  |H>ints  where  the  meteor  was  then  situate  is 
easily  found  from  the  data  in  Table  II  to  be  107  miles  in  a 
Space  pasted  straight  line,  and  the  distance  really  passed  over  by  the  body 
over  by  It,  ujhile  visible  must  have  exceeded  that  quantity.  The  whole 
duration  of  the  appearance  of  the  meteor,  as  estimated  by 
Mr.    Page   and  judge  Wheeler,    was  about  30   seconds, 

whi:h 
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•hich  would  (n«ke  its  »rlocity  about  3t  miles  per  it««iii},  •"^  iii»tiod« 

\tj  boih  obsctvutiong.      in  a  Einiilur  mnoiiet    the  di&tancc  ^' 

pBHsed  ovtr,  whit?  vitible  at  Wrnhain,  who  about  S2^  mile, 

and  if  iln    iluntion  af  its  tipptaranre  was  30  efcoimIe,  ai 

]tln.   Gurflncr   ntimHtrd   it,    the  velocity     cor rcH ponding 

wouid  bp  \i  roiles  per  second  ;  this  would  bnvc  bpen  more 

thnu  (•niibltd  if  tilt;  extreme  azimirtbi  at  Wenhuin  bad  been 

■Hile  npv  of  witboiit  correcttcin.     Frwm  (heiie  tesu1l5  it  Dp- 

jttHTs  irruUihlc  'hut  the  telocili/  ^  ih  mtleor  exceeded  3 

milesptr  senud.     We  msy  form  an  idcii  of  ihc  grealneax  of 

this  velocity,    by  observing  thut  it  i»  fourteen  times  os  ewiii 

■B  the  motion  of  tound,  and  nmrly  ds  great  m  that  of  a 

ntellite  revolving  ubout  the  F.nrth  at  the  suuie  ilistaDce, 

•nd  if  K  body  were  prcjecttd  in  a  verticul  direction  with 

•bout  double  the  velocity  (the  dr  being  supposed  not  to 

KsiHt)   it  woald  proceed  beyond  the  Bp here  of  the  Earth's 

Kttrnvtion. 

In  eKliinating  the  tnsirnitude  of  the  body  from  the  pre-  [ti  mienituta. 
•enl  obaRrVHiiontf,  no  very  uceutute  result  i<i  to  be  cxi)ected, 
since  the  apparent  diameter  vma  not  exactly  roeitsared  by 
•ny  of  the  ubaervers.  The  oWervationB  that  were  made 
•ece  however  to  prove,  that  the  body  was  tnueh  larger 
than  the  whole  tnaw  of  stone?  that  fell  near  We»ton,  ai  will 
beevideiit  froiri  the  following  cuicubtionK,  Mr.  Page  »np- 
poied  the  apparent  diameter  of  Uic  body  to  be  about  one 
qnnrler  part  of  that  of  the  moan,  or  about  6'.  The  i^rrat- 
cst  observed  distance  uf  the  meteor  from  Ruilond  hub  !62 
niles,  the  lea>t  S7  milea.  The  diameter  of  the  meteor 
corresponding  to  those  distnnres  utid  the  angle  8'  are  nearly 
^  and  i  of  a  tnile  ;  and,  by  thiu  obsrtvation,  the  reiil  dia- 
meter of  (he  meteor  mufit  fall  between  those  limits.  Jud^e 
Wheeler  mipposed  the  apparent  dianieier  to  be  hulf  or  Inn 
third*  of  that  of  the  moon,  or  between  iC  and  a*'.  The 
least  distance  of  the  meteor  from  Wesion  wa*  'JO  miles,  the 
grenteft  1 13  miles.  The  leiist  diameter  corri-sponding  to  the 
dislann  of  2(1  miles  and  angle  IS  i«  tV  of  o  mile,  or  rulher 
491  feel;  the  greatest  iiameter,  correBjionding  to  the  din. 
tanre  1 13  miles,  nnd  angle  2i'  'a  nearly  ].  uf  a  mile,  lo  that 
the  limit*  ftimitihed  by  this  obietvntion  urn  nearly  ^V  and  { 
tf  a    mile.     MrR.  Onidnrr  supposed   the   diameter  to  be 
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eqnal  to  that  of  the  moon,  or  33' ;  this*  with  the^  extreme 
distances  at  Wenhara,  124  and  167  miles,  furnish  the 
limits  1^  and  1^  miles*  This  last  estimate  exceeds  the 
others  considerably;  this  may  be  owing  in  purt  to  the  emall- 
nrss  of  the  altitude  of  the  object,  which  (irobably  made  it 
appear  larger  than  it  wonld  otheiuliie  have  done,  from  the 
same  cause  which  makes  tlie  moon  appear  largest  when  near 
the  horizon.  The  least  of  all  the  limits  of  the  diameter  tjf 
Onam^tyof  the  meteor  is  491  /eet,  A  body  of  this  mngnitude  and  of 
Bitter  in  it,  ||jg  s^nif  specific  gravity  as  the  stone  that  fell  at  "Weston 
(which  weighed  about  225  pounds  to  a  cubic  foot)  would 
coutain  a  quontity  of  matter  exceeding  in  weight  iir  millions 
of  tons.  If  the  spt>rific  gravity  were  the  same  as  that  of  the 
air  at  the  surface  of  the  Earth,  the  quantity  of  matter 
would  exceed  t^oQ  thousand  tons:  and  if  the  specific  grawity 
were  the  same  as  that  of  the  air  at  the  height  of  the  meteor 
fwhich  bv  the  usual  rule  for  barometrical  udmeasurements 
is  about  'g\Xh  part  of  that  at  the  surface  of  the  Kurtli)  the 
qnantitT  of  matter  would  exceed  ^/?y  tons.  Either  of 
these  estimates  exceeds  by  far  the  weight  of  the  whole  mass 
that  fell  near  Weston,  which,  by  the  accounts  published, 
does  not  appear  to  have  been  greater  than  half  a  ton,  and 
wonld  not  form  a  sphere  of  two  feet  diameter  of  the  same 
specific  gravity  as  the  stone,  as  was  observed  by  professor 
Day,  in  his  valuable  paper  on  the  origin  of  meteoric  stonet^ 
A  sphere  of  this  diameter,  seen  at  the  distance  of  the 
meteor  from  Wenham,  would  hardly  be  viMble  without  the 
assistance  of  a  telescope,  since  its  apparent  diameter  would 
TIm  whole  not  exceed  two  thirds  of  a  second.  These  reasons  seem 
■PP*'^**y  h^  strongly  to  favour  the  opinion,  that  by  far  the  greater  part 
futh^  of  the  mass  continued  on  its  course  without  falling  to  the 

Earth,  and  the  gradual  disappearance  of  the  meteor,  as 
observed  by  judge  Wheeler,  is  agreeable  to  this  hypothesis. 
As  it  is  but  within  a  few  years,  that  observntions  of  these 
meteors  have  been  carefully  made,  we  have  not  yet  sufficient 
data  for  a  well  grounded  theory  of  their  nature  and  origin  ; 
none  that  has  yet  been  proposcfJ  is  free  from  difhcuhies. 
The  grcatii*?ss  of  the  masb  of  liie  Weston  metior  does  not 
acrcord  either  with  the  supposition  of  its  having  been  formed 
in  our  iiUnosphere,  or   projected   from  a  volcano  of  the 

£ait!i 


%itrth  or  mtinn:  and  tlie  itrikisg  umformily  of  all  the 
%ui»e»,  tbathave  fiUcn  m  difTcicut  placvn  niid  luura  (which 
^Bdirate*  a  cnmniDn  ori^tiii)  doe*  not,  if  we  lenton  from 
Vir  aiuilogy  of  tiie  planetury  sysiem.  altogether  ngree  with 
»uif|x)siliga,  iho-t  Kuch  biulieii  are  tatuIUtea  of  ih« 
larth. 


4}n  Muntttieaui  Otimvriatif  acid,  m  Rfpfy  to  Mr.  Daltdm. 

la  a  Leirr/rom  a  Cotrriponiient, 


ToMf.  NICHOLSOW. 


SIR 


IS  slum  ind 


■JVl V  oliject  ill  "  the  reiiinrld  on  the  nature  of  potassium  Rpn 
Jftml  uxlium,  ilk  aiiiir^r  to  Mr.  Dalloti,"  which  yott  did  me  ^f 
^e  honoiir  to  imblish  in  your  niimbt'r  for  JanuHry  latt,  wns 
|Sot  so  much  to  ndvaiit^e  hut  thing  nevi,  as  (o  state  fuirly  tlia 
^Tgti-mtnti  used  by  Mr.  DaltoD  to  {trove  tho«e,  bodies  to 
^  hidriirct«;  and  the  Jact*,  which  induced  Mr.  0avy  to 
^■re  them  ia  the  cliis»  of  metuls.  It  it  not  my  iatention  to 
jiuniiie  that  subject  farthtr  in  this  commutiicatioD,  b»  1  fvel 
^stistied,   that   even  the  splt^udid  talents  of  Mr.  Daltoii, 

jalioald  he  honour  my  uni  mad  versions  wllh  a  regily)  will  not 
fie  sufBciciit  to  controvert  tht?  deduclions  drnwii  by  Mr. 

£iivy  from  hiBexperiinentHon  ihrse bodies — Ind(«d  1  «houId 
t  have  troubled  you  now,  hud  not  Mr.  Dullnn  called  uu 
me,  to  cxpUiii  Riy  data,  nnd  mode  of  calculation,  res|>ectint[ 
the  inui'iatic  acid,  and  uxiiiiuriutic  gaseM.  As  to  my  data 
^hg  lie/tctutf,  and  tlic  principlct  of  my  eo/eu/aliont  unin-  Prfrtriplft  of 
•Uli'&lblc  to  Mr.  Diilton,  I  cau  only  •ay,  that  1  hai 
Uie  fonuer  from  Dr.  Henry's  Eleinfnts  of  Experimenlul  ^ 
'Chemistry.  £th  edjlioo,  ISIO,  (a  work  dedicated  to  Mr. 
l>alton)  where  in  n  table  at  p.  499,  vol-  II.  1  find  the  spe- 
cific gravity  of  nunatic  acid  gas  givtn  us  1-430,  according 
toBrisson— and  •999  a<'cord)nglo  Kirwan.  Mere  la  «o  great 
ditfarence,  that,  not  knowing  whicU  to  choose,  I  referred 
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calcuUlioni, 
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•V  MURIATIC  AKO  OZIMUEIlTlC  ICIO. 


Spec.  griT.  of  to  the  article  ^*  Muriatic  Acid**  in  vol.  If  p.  446»  inhere  I 
mnriitic  acid    gnd  its  weight  stated  with  respect  tocoinmoii  air,  as  I-73  to 
'  1*00 — Considering  this  therefore  as  Dr.  Henry^s  owp  opi- 
nion of  its  real  weight,   I  attsuiued  it  as  one  basis  for  my 
calculation.     I  am  aware  that  Mr.  Davy,  at  p.  245,  Phil. 
Trans,  for  1810,  states  the  weight  of  I0(>  cubic  inches  of 
muriatic  acid  gas,  at  39  grs.  which  gives  its  specific   grarity 
as  l*2o8-— and  from  the  acknowledged   accuracy   of  that 
gentleman's  experiments,  I  am  inclined,  on  farther  consi* 
deration,  to  adopt  his  estimate,  which  also  nearly  agrees  with 
Spse.fraT.  of  that  of  Biot  and  Gay-Lussac.     With  respect  to  the  specific 
•xie«ngif.       gravity  which  I  have  assigned  to  oxigen  [1*125]  i  acknow- 
ledge an  errour  1  have  inadvertently  fallen  into,  from  not 
remarking,  that  Mr.  Davy*s  estimate  of  the  weight  of  100 
cubic  inches  of  that  gas,  viz.  35'.06  (vide  Henry's  Elements, 
p.  178,  vol.  I,)   is  given  at  the  temperature  of  55%  and  that 
consequently  at  60*^  it  would  be  but  34.7  (as  stated   indeed 
in  the  same  paragraph),  which  gives  its  specific  gravity, 
ri  19 ;  and  also  I  will  farther  allow,  that  (leaving  1*125  for 
oxigen)  the  number  90*73  should  be  92*4.     I  ronst  apolo- 
gize to  yoUf  Sir,  as  well  as  to  Mr.  Daltoh,  for  these  inaccu- 
racies; which  arose  from  the  necessity  I  was  under  of  put- 
ting my  thoughts  to  paper  in  greater   haste  than  [  should 
have  done,  had  not  other  avocations  claimed  the  time  I  would 
gladly  have  spent  in  their  revisal.     As  to  my  mode  of  cal- 
culation, it  is  simply   this: — Mr.   Chenivix*s    estimate  of 
the  composition  of  oximuriatic  gas,  (viz.  77'5  muriatic  acid 
+22*5,  oxigen)   is  given  by  weight.     To  reduce  these  to 
proportionate  quantities  by  measure,    I  divide  the  specific 
gravity  of  the  Aeaeier  gas  by  that  of  the  lighter*     I  multiply 
the   quantify  of  the  lighter  by  the  quotient,  and  add  the 
sum  to  the  quantity  of  the  heavier  gas.— And  I  then  say, 
as  the  sums  so  added,  are  to  either  of  theni,  so  is  100  to 
the  proportional  quantity  required.    Thus  ^'  " -z;  1*537  X 

22-5  =  34"5  +  77-5  =  112.  Then  115:  34*5  : :  100  :  30*8 
zz  the  quantity  of  oxigen  in  100  parts  of  oximuriatic  g^as, 
on  the  old  hypothesis,  by  measure.  Consequently  this 
quantity  would  take  twice*  its  bulk  of  hidrogen,  and  the 
whole  that  would  disappear  on  detonation,  would  be  30-8  x 
Ikeco-rr-:--!  ^  ^  9^*4,      If  these  data  be  true,    my   inaccuracies  have 
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teen  rAlberai^iMt  m}'  atgumeiit  th&u  for  It;  woce  the  cM- fia"  "■•« 
reeled  namlwn  gi*e  a  slill  larger  diminution,  thiin  I  hul  'h«'«i*uin* 
before  u^crted  ought  tn  take  place.  But  taking  the 
lp«ciflc  fr^vity  of  iDUfiatic  acid  gne,  after  Mr.  D«*y,  at 
Only  1-«SB,  and  thai  of  oxigenat  1*119.  sliU  the  dim  inu  I  ion 
ought  to  be  gre«lly  lnrger,  than  what  really  uccura,  when 
100  pnrta  of  oximuriatic,  and  an  equid  bulk  of  hidrogon 
gaesa  are  detonated  togetlter,  if  the  former  cnutaiiicd  oxi- 
jgen.  In  thU  L-axe,  It  ahould  be  to  200  partt  73-B,  a  propor- 
liou  cooiidcrubly  more  than  i-  Thi»  indeed  approochet  to 
«hut  Mr.  Daltofl  an}-a  he  should  hniT  t^xpeuted  ;  but  liow 
can  he  rcconcUa  even  thin  ditfet«Hce  with  tho  real  diminu- 
tion that  happent,  and  itill  support  ihe  old  hyputheiia? 
Whatever  data  be  taken,  I  think  the  argument  i«  dpcUirc, 
in  favourof  Mr.  Da»y'ii  views, 

1  cumot  cluae  this  lommunication  without  expressing  my  The  teal 
viih,  lli*l  «oiiie  philosopher,  who  haa  leitute,  ability,  in-''''''"^ 
duatry,  unj  inilruantli  ada|>ted  to  the  labour,  woald  make  impoiiani  i 
Ihe  Tfal  weight  uf  the  different  gasses,  in  their pery«(/y  dry  '''*'"»»'"'■ 
ttaltt  the  abject  of  hit  iitveatigalioiii.     It  ia  m  tuhject  ofma- 
teriul    vonseqiieme.   in   many  experiments  uf  the  refined 
nature  that  chemislry  now  happily  begins  to  admit  of,  and 
laosl  desirable,  that  they  shuiild  be  correctly  a«certiiined  ; 
far  as  the  case  slaods  at  present,  specific  gravities  of  these 
Lodiei  may  be  found  in  our  elementary  xorks  so  widelj 
differing  from  one  another,  that  a  man  arguing  fur  victory, 
rather  than   truth,  may  select  data   almost  at  will,  as   best 
bnppfns  to  suit  his  purpose. — That  this  it  not  luy  vwae,  I 
trust  you  and    Mr.  D^lton  will   readily  believe:  for  I  bvg 

,  toa-xture  that  gentleman,  that  Irulh  only  is  my  oLji^cl,  and 
if  he  CNO  bring  forwnrd  fads,  that  prove  hia  arguments 
.r»trect,   1   >hu1l   be  one  ol*   the  first  to  ackriowledi^e   their 

■  justice,  and  to  thank  hiiu  for  haviii)^  n-scued  me  from  er- 
tOBT.^1  could  not  cite  again  subscribe  myself, 

Ytfur.  aiii)  his  humble  leruitit, 

Jl  sji;-. 
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New  species  of  X  HE  principal  design  oF  the  present  essay  is  to  malte 

iiV^^"^  ^^     known  the  existence,  and  to  describe  the  leading  properties 

of  a  new  specif^s  of  urinary  calculus  from  the  human  blad* 

der ;  but  I  shall  at  the  same  time  take  the  opportunity  of 

correcting  an  inaccuracy  or  two,  that  I  have  observed  in 

my  former  communication  on  this  subject.    (Phil.  Trans. 

1797.) 

Five  kindc  W-      I9  on  that  occasioD»  took  notice  of  live  kinds  of  urinary 

fore  dttcribed  calculi, 

oy      MM  ort     j^  Yj^  /i7Aic  acid,  since  called  uric  acid,  originally  ana« 

lysed  by  Scheele. 
S.  The  oxalate  of  lime^  or  mulLerry  calcnlusm     1 
3.  The  phosphate  of  lime,  or  bone  earth  calculus. 
4«  The  ammoniacal  phosphate  of  magnesia. 
5.  The/ksibk  calculus,  which  consists  of  the  two  last  spe- 
cies combined. 
Unother  fp«-        It  18  now  about  five  years  since  I  first  met  with  another 
ciiNis^e  dis-  gperies,  evidently  differing  from  each  of  those  before  de- 
scribed.   It  was  in  the  possession  of  Dr.  Reeve  of  Norwich, 
who  obligingly  gave  me  a  portion  of  it  for  the  purpose  of 
examining  its  chemical  qualities.     It  hud  bern  taken  from 
his  brother  when  he  was  live  years  old,  and  at  that  time  wns 
covered  with  a  coating  of  phosphate  of  lime  very  loose  in 
its  texture,  and  consequently  very  socm  separated f.     This 
Veryrartt.        species  is  probably  very  rare:  for,  although  I  have  omittt'd 
no  opportunity  of  paying  attention  to  any  urinary  concrc* 
tions  to  which  I  could  have  access,  I  have,  to  this  time,  seeu 

•  PhiL  Trans,  for  1810,  p,  22;k 

Si        ♦'til  +  I  am  informed,  that  another  stone  forriuvl  aft-.Twaril  in   ihe  biiddrr 

koUow  cenue.  ^^  thisboj,  and  thai  hedLd  in  consequcnco,  without  >ubinitting  lo  the 
operation  a  second  time.  The  slone  found  in  his  bidder  after  death 
consisted  principailjr  of  uric  acid,  but  was  |.eculiar  in  one  respect,  a<  us 
centre  was  hollow  by  the  removal  of  some  more  aolubU  substance,  of 
which  th?  nucleus  had  consisted.  , 

only 


xtw  irccRi  or  itbthut  ciimc*.  oa^ 

only  one  other  upedmen  of  the  sume  aubalance.  TJi'i*  Utt 
U  in  a  wltection  nrcnlpofl  beloi>)i;iag  to  Ciiy'l  Ho«piul, 
(pi'eii  b;  Mr.  Lucas,  Burgeun  tn  that  itiitifutiAn,  tiAving 
Ik<mi  formed  partly  by  his  father,  and  partly  by  hintiel^ 
in  theeouHe  of  tlicir  practice;  anef  ai.'ccirdii>!;  lo  the  pnv 
nrr-iti^eintnit,  (vhich,  it  ia  to  be  hopod.  will  not  be 
■Jtered)  the  ciilculus  to  which  1  aliade  may  be  found  by  refe* 
reiice  to  No.  46  of  that  collection.  It  mu  extracted  by  the 
BsujI  o|>eratioti  from  h  man  of  36  year*  uf  age,  of  whom 
DO  record  n  pwserved,  exceiit  that  hia  name  was '\^')lliam 
Small.      It  weighed,  when  eutirr,  -570  '^rHini. 

I Ti  appearance,  these  calcnh  rciemble  more  imrly  Om  DM^^dM  tf 
triple  pli'»8phate  uf  magnesia  than  any  other  ealculos  ;  but  ■'- 
they  ore  more  cocupact  than  that  coinponntl  it  usually  fiiuad 
to  be:  not conintiiig  of  distinct  lominEe,  but  appearing  t» 
tnssH  confusedly  crysialtized  throughout  its  substance, 
bcnt-c,  inaiead  of  having  the  opaciy  und  whitenesi  obterv- 
•ble  in  I'uiible  calculi,  which  consist  of  a  anmber  of  naall 
crystals  cemented  losfether,  these  calculi  hare  a  Tellawish 
luilraiisparpncy  ;  and  they  have  also  a  peculiar  glialeTiing 
Ittttre,  like  thut  of  a  body  having  a  high  refractive  density. 

When  this  aubstunce  is  submitted  to  destructive  diatilla-Re,uH,o(  Ua 
in,  it   yields  foatiil  carbonate  of  aniuionia,  partly '  fluid,  ^'•>'lL't>aa- 
and  partly  in  a   solid  ktale,  and  a  heu*y  fnlid  oil,  auch  as 
taaiially  proceeds  from  animal   substances;   and   there   re* 
IS   a   black   spontry  coal,  much  smaller  in   proportion 
than  is  found  af^er  the  dtstillution  of  uric  calcuH. 

I'udcr  the  blow'pipe  it  may  be   drotinguished  from   Brie  *"'""  <*  "«• 
1(1   by  the  smell,  which  at  no   period  resembles  that  of   '""*"'"■ 
UKic  acid;  but  in  addition  to  the  uiuhI  smell   of  hitrned 
inial  substAnces;  there  is  a  peculiar  fneror,  of'whteh   I 
i^aliuot  )(ire  a  correct  idea,  as  I  know  no  smell  trhich  it  'CBi  ^culiar  onell. 
le  said  to  resemble, 
Thi^  apecics  nf  cilculus  is  bo  readily  acted  upon  by  the  Acted  oo  br 
Jpiierality  of  romuioa  cheniicul  h^culi,  thai  its  character  ""*  *''**'^ 
■ay  pcrhap«  be  most  distinctly  marked  by  an  fnameratioil 
f  those  feeble  power»,  thst  it  can  re*i*I. 

It  is  not  diMolved  [excepting  in  very  small  proportion)  bj^Sactj.imfis 
hter,  by  alcohol,  by  nctrtic  acid,  by  tarturic  wc'ni,  by  tor-      „    «>  • 
Kc  Hcid,  or  l>v  saturated  carbfuateot'  amaiouia.  -  '  ■*!•       >  aM 

Tlw 


j|g4  "^  iPBCIBl  or  URIHART  CALCULUS. 

SoHiots,  The  solvent!  on  the  contrary,  are  far  more  numerous.     It 

Add.  »  dissolved,  in  considerable  quantity,  by  muriatic  acid,  by 

nitric  iacid*  by  sulphuric  acid,  by  phosphoric  aoid,  and  by 
oxalic  acid. 
AlluUinc.  It  is  also  dissolved  readily  by  pure  alkaline  meubtrua  :  by 

potash,  by  soda,  by  ammonia,  and  by  lime  water.     It  is 
even  dissolved  by  fully  saturated  carbonates  of  potash  or  of 
soda.     Accordingly,  these  alkalis  are  not  so  convenient  for 
Fndpiutes      the  precipitation  of  this  matter  from  acid  solutions,  as  the 
carbonate  of  ammonia,  which  is  not  capable  of  rediisolving 
the  precipitate,  though  added  in  excess. 
«pd  alksUfi.         For  a  similar  reason,  the  acids  best  suited  for  its  preci- 
pitation from  alkaline  solutions,  are  the  acetic  and  cilriO 
acids.     But  the  tartaric  acid  may  occasion  an  appearance 
of  precipitation,  by  forming  a  supertartrate  with  the  alkali 
employed. 
Formt  crystals     The  combination  of  this  substance  with  acids  may  be 
•"*  •ci^      made  to. crystallize  without  diflBculty ;  and  they  form  slen- 
der spicula  radiating  from  the  centre,  which  readily  dis- 
solve again  in  water,  unless  they  have  been  injured  by  being 
in  any  degree  overheated. 

The  muriatic  salt  is  decomposed  by  the  heal  of  boiling 
water,  on  account  of  the  volatility  of  the  acid,  and  the  rest 
are  easily  destroyed  by  a  greater  excess  of  heat. 

The  salt  formed  by  combination   with  nitric  acid    does 
not  \ield  oxalic  acid,  and  does  not  become  red,  as  the  uric 
acid  does,  when  similarly  treated  ;  but  it  turns  brown,  be- 
coming gradually  darker,  till  it  is  ultimattly  black. 
aad  withalka-      When  the  combinations  uith  alkalis  are  evaporated,  ihey 
'^-  leave  small  granular  crystals  ;  but  as  I  was  desirous  of  ren- 

dering my  experiments  as  numerous  us  a  limited    (jiiantity 
would  permit,  the  portion  which  I  could  employ  in  any  one 
experiment  was  too  small  for  me  to  attempt  to  determine 
the  form  of  such  crystals. 
Vreeipitated         When  a  hot  solution  in  potash  was  neutralized  by  distilled 
bTvuenr        vinegar,  the  precipitate  did  not  immediately  luke   pUice, 
but  formed  gradually  during  the  cooling^  of  the  liquor  iu 
minute  crystals,  some  at  the  surface  of  the  fluid,  and  others 
Ia  flat  hexaco*  "^^^ched  to  the  aides  of  the  vessel.     The  only  deiiiiitc  form, 
■ai  crystals',    which  I  could  observe,  was  that  of  flat  hexagonal  plates; 

but 


WBW  «n:ctEs  ov  mivAiT  calccxv*. 


*»nl  I  eotilil  discern  nothing  wliich  enaUeil  lat  hi  judf^e  of 

Ttc  |irfmtti*t  f»no  of  the  CTfvial.    On  Ihe  >arf«ce  of  the 

■*nlciilus  Ijeli>iiKin<;  i«  Guy's  Hotpiu),  lorne  uiiavte  cTy*v|>;,iuT„  lobjt 

All*  maybe  ditcerned  tif  «  different  iifiape,  beiiif;  nearlj  *'•«>  P<"* 

TOhir.     And  it  it  jiosMble,  th»l  the  hexa^niil  crjstub  may 

.one  their  bgute  tu  ■  luiall  pgtlimi  of  nlkoli  remaiiiing  in 

"iconitHnatmn. 

Prum    llic  read;  iti«|fas!(iDn  of  ttria   ButMlance  to   antt«  Combinod 
%rilb  both  acid*  and  alkalii,  it  tvnuld  BjipeBr  to  be  mn  oxide ;  "     '"^'(*''i 
^nd  that  it  don,  In  fact,  contain  oxigen,  is  (irurM^  by  the 
'frrmnlion  of  rarbooic  acid  in  dintilUlion.     The  quantity  »f  Ij^y""*'" 
'^ligen  pntent  in  the  calcuin*  i*  not,  biiwevcr  sufficient  to 
^vc  it  tcid  proptniei,  for  it  has  uo  «fifect  on  pajier  culoofctl 
%idt  IftmiM. 

I  am  tberefore  inL'titied  to  coaaider  it  as  an  ositle  ;  and  Cjnic  oxide. 
^iiicebotJi  the  calculi)  that  have  yet  been  ob«ervi*d,  liave 

im  taken  from  the  bladder,  it  luny  be  couveiiient  to  give 
It  tlie  name  of  cyclic  oxMfe,  wliich  will  serve  to  iliatinguiiA 
■k  fra*B  other  calculi;  andaithieis  unlike  any  other  t^rm 
•t  present  employed  in  cbeniidry,  it  istu  be  hoped,  tfaul  it 
'^will  nut  b«  (hoogtit  to  require  any  alteration. 

Since  the  peiiod  of  my  Krst  ensay  on  gouty  and  iiriilarj*  Mulbsny  etU 
CoiiCTctioati,  ihu  general  resulti  runtuined  in  it  htivt  been '^''  ' 
C«nlinn(id  .by  otWrs,  and  I  believe  nre  incontrovi-rtible. 
But  1 801  under  the  necetnity  of  tcknowledginf^a  miviuke  in 
Hfce  Mi'lvHti  of  the  tBulfceny  calculna,  tlnntgh  not  of  much 
*liB|iOTtance.  An  acid  iv  mentioned  to  have  iin»v>i  bn  tab- 
limiitioa,  and  it  was  safipoard  to  origimti*-  f'om  ^  purttnt 
4ecoinpDini««  of  th«  oxalic  acid.  But  ciiicet'jre  osalato 
vf  lime  yields  no  utirb  sublimate,  it  moat  probably  xraee 
<fh>m  a  miNtntenf  the  small  qiiaDlily  of  uno  airtd  in  lt|c  cal> 
Cttlns  then  Milder  exsininntion. 

In  the  HiinlvHis  of  the  triple  phosphnte  of  magtictia,  |h«c  Miiukc  tn  ih« 
fa  anotlier  miatake  of  more  coascqiMnce.  In  mv  ■electiur.  ""''•"»"'  Ih* 
*  .,...■  -"i|*s  P**"- 

fiioni  numerous  ekpennientsior  aacertmntng  lltt!  prudence  otphate  sf  mw- 

tyhoKphoriL-  iicid,  I  gare  the  |>Tefer«nc*!  to  one  in  which  ui-  V«* 
,frate«f  tnefctiry  nim  eatfitojvd,  on  account  of  the  fucitily  of 
tetractiug  the  acid  from  the  ]ihosphate  of  mercury  by  heut 
a1or>«.     But  since  th«  whole  of  the  phosphoric  acid   is  not 
precipitated  br  nkmie  of  mercury,  aulpbate  of  oiagncita 
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£gg  If  sw  8PCCIBS  or  uamiftT  calculus. 

will  not  be  formed  on  the  addition  of  sulpharic  adS^ ^.* 
the  magpiesia  cannot  be  obtained  separate  by  the  same  {. 
cess, 
led  to  another.      It  may  have  been  in  consequence  of  this  oversight^  that"* 
mistake  on  that  subject  has  occurred  in  the  succeeding  va 
lume  of  the  Transactions. 
Calculus  of  a      A  calculus  is  there  described,  which  had  been  taken  by 
tomu^l^e  M'*  Thomas  from  the  bladder  of  a  dog ;  and  a  series  of  ex- 
periments are  related,  from  which  it  was  inferred  to  consist 
of  superphosphate  of  lime,   and  phosphate  of  ammonii* 
But  from  the  appearance  of  this  calculus  (which  was  exhi- 
bited to  the  society  at  the  time  when  the  paper  was  read)  I 
was  much  inclined  to  think,  that  the  nature  of  it  was  ais- 
taken  ;  and   upon  full  consideration   of  the  experimtots, 
they  did  not  appear  to  me  conclubive. 
was  afterward       ^  therefore  obtained  a  portion  of  the  calculus,  and,  by 
proved  to  be  a  ^]ie  following  process,  the  earth  contained  in  it  was  proved  to 

compuiuid  of  '^lAiii*. 

maguebia.        consist  almost  wholly  of  magnesia. 

It  was  dissolved,  with  the  exception  of  a  very  small  re- 
siduum, by  distilled  vinegar. 

The  whole  of  the  phosphoric  acid  was  then  precipitated 
by  acetate  of  lead  added  to  excess. 

'i'lie  liquor  was  then  poured  off,  and  sulphuric  acid  was 
added,  which  precipitated  the  excess  of  lead,  and  at  the 
•ametime  formed  sulphate  of  magnesia  in  solution. 

By  evaporation  to  dryness,  the  acetic  acid  was  removed, 
and  by  Fubsiequent  increase  of  heat,  the  sulphate  of  am- 
monia, uiid  excess  of  sulphuric  acid  were  expelled. 
'  The  resiiluum  being  then  dissolved  in  water,  and  the 
liquor  sutTet'ed  to  crystallize  by  spontaneous  evaporation, 
there  remained  a  quantity  of  sulphate  of  magnesia,  that 
weighed  rather  more  than  the  quantity  of  calculus  taken 
for  the  experiment, 
Superphus-  ^^  ^'"*  evident,  therefore,  that  in   this  instance  the  col- 

phate  uf  limn  ruins  examined  did  not  consist  of  superphosphate  of  lime; 

exiiis^nr^'*'' "'*^  there  is  some  reason  to  doubt,   whether  a  compound, 
oiiculus.  that  is  ho  very  soluble  in  water,  ever  forms  a  part  of  urinary 

coil  (Ti't  ion*. 

r, r»v.  ..f       Al'iioutfh  the  treatment  ©f  diseases  is  not   in  general  a 

.  *.^.rc  i.  .:;:i-  fj.'  iii-.,;c<:t  looccnpy  the  time  of  this  society,  there  is  uever- 
^^     '  thcJea 


MEW    •P^OIES   Of  UKINIBY    CALCULUS.  jj;£7 . 

thele§9  one  suf^geition,  with  respect  to  the  prevention  of 
calculous  complaints,  so. nearly  connected  with  my  present 
iubjecty  that  1  think  it  may  deserve  to  be  recorded* 

Since  the  white  matter  contained  in  the  urine  of  birds.  Uric  acid  1h 
which  is  voided  along  with  their  dung,  has  been  remarked  S^"°* 
by  Mr.  Vauquelin,  to  consist  principally  of  uric  acid,  I  have 
paid  some  attention  to  the  different  proportion  in  which 
this  matter  is  voided  by  different  species  of  birds,  to  see 
how  far  it  accorded  with  the  different  qualities  of  their  food. 
And  I  found,  that  in  the  dung  of  the  goose,  feeding  wholly  leems  pro- 
OQ  grass,  the  proportion  did  not  seem  so  much  as  rh  of^^^^^^^^!^ 
the  whole  dung.     In  that  of  a  pheasant  kept  in  a  cage,  and  of  tnlmtl  food 
fed  on  barley  alone,  it  was  about  i^  part.     In  that  of  a  ^^^  ^^^> 
hen,  having  the  range  of  a  garden  and  farm  yard,  and 
consequently  procuring  insects,  and  possibly  other  animal 
food,  the  proportion  was  manifestly  much  greater,  and  com- 
bined with  lime.    In  the  dung  of  a  hawk,  fed  upon  flesh 
alone,   the  quantity  of  matter  voided  in  a  solid  state  bears 
but  a  small  proportion  to  the  residuum  of  uric  acid,  that  is 
left  by  the  urine  when  dry.     And  in  the  gannet,  feeding  ptnicularly  of 
solely  on  fish,  I  have  observed  the  evacuations  in  some  in-  ^h* 
stances  to  be  mere  urine,  for  it  contained  no  solid  matter 
excepting  the  uric  acid. 

It  seems,  consequently,  deserving  of  inquiry,  what  changes  Hence  calm- 

misrht  be  produced  in  the  urine  of  any  one  animal,  by  such  *°"'*"^  g°"*f 
,  .  -   ,.  .       .  .       -  persons  should 

alterations  of  diet,  as  its  constitution  would  permit;  for  as  prefer  a  Teg«^ 

far  as  any  inference  can  be  drawn  from  these  varieties,  which  ^^^^  ^^^' 

naturally  occur,  it  would  appear,  that  persons  subjecrt  to 

calculi,  consisting  of  uric  acid,  as  well  as  gouty  persons,  iu 

whom  there  is  a  redundance  of  the  same  matter,  have  much 

reason  to  prefer  vegetable  diet:    but  that  the   preference 

usually  given  to  fish  above  other  kiads  of  aiiiiiml  food  is 

probably  erroneous. 


Q  €  JX. 
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Comparatice  Analysis  of  Gum  Resins:    hy  Mr,  HekrT 
Bracohnot,  Professor  of  Naiural  History ^  ^c. 

fContinufdfNm  vol.  XXVU,  p.  370.^ 
ARTt  IL    Analysis  of  Gambogi, 

fldecuof  hwt     Sect.  I.  JlF  gamboge  be  exposed  to  tbefltme  of*  candle, 
wm  gambogt.    it  swells  up;  and  burtia  lik«  a  resin.     Heated  ID  a  capsule 

it  emits  a  peculiar  smell,  softens,  and  is  decomposed  before 

it  raeltsb 

Prodnctsof  its      Fifty  gram.  [772  gn*.]  exposed  to  distillation  prodaccd 

Isty  a  brown  water,  containing  empyreumatic  acetic  acid: 

9d,  a  amall  quantity  of  a  light  oil: 

3d,  afterward  came  over  in  considerable  quantity  anothet 
•il,  heavy,  thick,  end  brown. 

In  the  retort  remained  a  li);ht  coal,  weighing  8  gram. 
[123*5  grs].  It  was  incinerated  with  difficulty,  and  left  5 
decig.  [7*7  grs]  of  ahhes,  whicli  yielded  2  cent.  [0*3  of  a  gr.[ 
of  potash  in  part  sulphated,  4  cent.  [0"6  of  a  gr.]of  phos- 
phate of  lime,  6  cent.  [0*9  of  agr.]  of  carbonate  of  line, 
and  3  dec.  [4*6  grtt]  of  quartz  sand,  eontaining  a  little 
charcoal,  and  somr^  traces  of  oxide  of  iron.  No  ammonia 
was  found  in  the  liquid  products. 

Sect,  If.  Twcijty  gram.  [309  gr*]  were  treated  wiih  hot 
alcohol  and  lillcrrJ.  What  remained  on  the  filter,  after 
being  well  washed  with  alcohol,  was  a  grayish  subittunce, 
that  dried  wiih  diflicLiUy,  and  wa&  then  brittle.  In  this  state 
it 'weighed  exactly  4  gram.  [6*1*7  g^^l>  ^^^^  ^  faint  taste,  or 
was  nearly  insipid ;  and  dissolved  entirely  in  water,  except 
a  dccig.  [1*5  gr.]  of  impurities.  The  solution  reddened 
litmus.  Evaporated  to  dryness  it  left  a  transparent,  friable 
residuum,  resembling  the  hl^Ii  coloured  gum  af  the  plum- 
tree,  burning  like  it  with  little  flame,  and  leaving  a  consi* 
deruMe  quantity  of  a  compact  coal,  in  which  was  some 
phosphate  of  lime. 

The  alcoholic  solution  was  red.     Evaporated  to  dryness 

it 


CiAvabofe 
treaied  with 


it  ■ffarded  ifi  gram.  [lU?  gn]  vf  retiu.  TIiU  wm  traiii- 
fMreot,  red,  ivtlhout  any  percrptilile  tftsw,  •nd  prfUy  i]»- 
cidfdly  flectric  by  fciction.  Wlini  i^wilcrcd  it  euiilted  H 
f  crulinr  imell,  and  aMcmrd  ■  bright  yelton  calour. 

On  pouring  wtlcv  into  ■  •aturalL'd  sulutinn  •i  thU  resio  i.rpcipluted bf 
«n  ftkoliol,  thfcrt:  \t  a  »en»ibl*  eroLution  of  btrat,  «uO  ■  udj-  """• 
fortn,  yellowibh,  milky  liquid-i»  produced  ;  iviiilc  most  other 
teiini>re  precipitatrd  from  alcohol  in  clots. 

Seel,  III.   Solution  of  potash  *ct(  vrry  quickly  on  tb*  »ni|  irti^on 
resin  of  g«iubogf,  particularly  if  hfattd.     The  result  ua^'  ?"*'''■ 
nd  liquid  of  an  oily  ii)i|>e3> ranee,  in  nkich  the  projicTliet 
•f  llie  polish  arc  (leulrulizt-d.     On  rvKppraline  ihi*  com> 
pouud  almost  to  dryness,  it  erytlallizes  like  the  mIuIiod  et 
«loe«. 

The  soap  or  taponule  of  this  resin  is  of  a  deep  red  b|h  Soap  fron  ib 
yroachiiig  to  black,  and  feels  gre;i-y  between  ihe  fiugers, 
Vhen  driud  it  is  friable,  aod  resembles  a  resin.  It  hMiIre 
ta-'te  of  rancid  fst.  Ieayiii)c  a  shght  tensaiiou  of  acrimony  «t 
^e  root  of  the  tongue.  It  is  e:isily  soluble  in  water,  with- 
out rendering  it  turbid.  .Acids  precipitate  this  solution  in 
-•uch  abundance,  tliat  the  whole  becomes  u  thick  conguhm 
of  a  line  yellow  colour.  Lime-water  throws  down  from  it 
ti  fine  orani^e  coloured  precipitate.  Etirthy  salts  and  most 
Mlutions  of  the  white  metals  likewise  produce  yellow  pre- 
cipitates in  ii.  It  precipitates  sulphate  tit'  iron  hrown,  «nd 
Btirate  of  copper  greeii. 

Seel.  IV.  Ten  grum.  [164-4  grs^  of  llie  resin  of  gamboge  The  wiin 
•wre  pot  into  a  reiort  with  80  parts  of  stronff  nitric  acid  o'  I.^Jj'iJj 
1h«  shnpf.  As  soon  as  the  retort  fell  the  heat  of  the  lire, 
4*dnpoars  arose,  the  inteiisity  of  which  soon  disappeared. 
fThe  first  product  was  relumed  into  tbr  retort,  aud  the 
operation  continued,  till  lliif  niatier  was  diitolied,  niid  the 
•Vklution  redufvd  to  the  cmuistcoce  of  a  sirup*.  On  cooling; 
«  mass  of  lamellar  crystttU  w«n  formed,  enveloped  in  «  vis- 

*  The  yiiiduci  of  till*  dkliUMion,  being  lhniaii|lil}  isturslcd  with  Frnluci  if 
^dulk,  snil  ili9ilI1«d  answ,    jietded  a  iligltily  iclil  tli|uiJ',  ol  s  iei;r  pu"'  ^'"^  ditiilli- 
|«nt  nll^ll,  and  biiiiF  n  ihs  tale.     Allulii  give  Us  lig*!!  jellow  liaje.  '""*• 
*0n  id<liagiu1)>hsie  of  iron  to  tlii*  mixiurc  a  pncipiiste  ws)  formvri, 
llh'chvucaaipktBlTiolQMeinscldt;  v  thai  i hers  wai  no  [hik^  «eiU 
to  this  I-quid,  but  1  *iQ  Doi  fullj  scijua'nMd  wiib  lu  naiLira, 
'  cid 
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cid  matter.     The  whole  being  diluted  with  a  quantity  of 
water,  a  sediment  was  formed^  which,  when  well  washed 
tfnd  dried,  weighed  1*3  grutn.  [20  grs]. 
Product.  This  matter  is  of  a  yellowish  colour,  and  bitter  taste.     It 

is  partly  soluble  in  boiling  water.  On  cooling  the  snlatioa 
^rows  turbid,  and  lets  fall  a  portion.  The  tillered  solution 
is  of  a  reddish  yellow,  froths  when  shaken,  reddens  infusion 
or  litmus,  is  rendered  of  a  deeper  colour  by  the  addition 
of  an  alkali,  and  forms  a  slight  precipitate  after  sometime 
with  sulphate  of  iron. 

On  burniug  coals  this  substance  does  not  melt  to  easily 
■as  the  resin,  diffuses  a  fragrant  smell,  and  leaves  a  great 
deal  of  coal. 

It  combines  rery  well  with  potash  and  spirit  of  wine^ 
forming  with  them  transparent  red  solutions. 

Nitric  acid,  heated  gently  with  it,  dissolve  it,   without 
•ccgsioning  any  sensible  alteration.     Water  produces  a  co- 
pious white  coagulum  in  the  solution. 
A  rtsinoamer.-     From  these  properties  1  think  I  may  fairly  consider  tbii 
substance  as  a  particular  Sj^pcies  of  soluble  factitious  resino* 
amer,  combined  with  a  yellowish  resinifonn  substance  in- 
soluble in  water. 
Kedqceoftha     The  acid  liquor  and  waters  of  elutriation  were  boiled 
^aoUicr waters,  ^^^^^  to  drive  off  any  nitric  acid  that  might  renain;  and 
the  residnum  was  diluted  with   water,   in  which  a  small 
quantity  of  potash  was  di^isolvt'd,  which  separated   4  dec. 
[6  grs]  of  the    yoliow   resiuiform   substance.      The   liquor 
being  again  boiled  down,  then   treated  with  alcohol,  and 
filtered,  leli  1  gram.  [15*4  ^n]  of  very  white  superoxalate 
of  potash,     'ihe  alcoholic  solution  produced  on  evaporation 
5  gram.  [46*3  grs]  of  biticr  matter,  soluble   in  water,  and 
containinrr  malic  acid. 
Th-'  reMn  nrt-      Secl,  V.    I  diluted  some  of  the  resin  of  gamboge  in  fine 
cd  on  by  oxi*  powder  with  water;   and  passed  into  it  a  stream  of  oxi mu- 
riatic acid  gas,  to  try  its  effect  on  the  colour ;  and  in  fact 
it  destroyed  its  fine  yellow.     The  milky  liquor  being  boiled 
down,  then   diluted   with  water,  and   filtered,  left  on  the 
61ter  a  substance,  which  was  washed  with    boiling  water, 
till  what  rame  otl  would  no  longer  redden  litmus.     The  fol- 
loiring  were  its  properties. 

If 
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It  is  pulverulent,  of  a  |>Bte  yellow  colour,  and  wiOiout  Propetiiei  of 
■ny  perceptible  taale.     It  cracklw  belween  the  teelh  lik*"'*  Pf"'^''«'- 
an  iuMJiible  salt,  nod  boiling  irHtcr  will  not  dissolve  it.     It 
JH  very  Ultlc  fusible,   and  ctiiita  uo  smell,  till  it  begins  to 
he  decomposf d ;  but  if  it  be  set  oa  lire,  or  thrOMii  on  burn- 
ing coals,  ii  emits  pungent  ftiines  of  muriHtic  acid. 

Weakaeids  sepantte  nuihiiig  perceptible  from  it;  but  with 
conceiilraled  acids  elmrcoul  and  muriatic  acid  are  produced. 

Combined  with  pontiih  t!ie  compound  haa  ■  pleaeaut 
soapy  tinell,  and  nitrate  of  silver  ibruicB  down  from  Its 
solution  a  precipitate  purtly  soluble  in  nitric  acid. 

1  diailk'd  6  gram.  [qtS  grs]  of  Llii«  Eub<itauce  in  a  iniaU  DiitlU«d. 
retort,  which  was  heated  to  redneas.  The  product  was  col- 
lected in  a  few  decigr.  [ubout  i  of  ao  oz  measure  each]  ef 
vatcr,  which,  being  exauiined  toward  the  end  of  the  distilla> 
tint],  was  very  sour,  and  had  the  smell  of  muriatic  acid. 
To  this  water  1  added  nitrnte  of  silver,  which  produced  a 
copious  curdy  precipitate  of  muriate  of  silver.  This  pre- 
cipitate weighed  54  gr.  [S3'4  gr»],  which  would  contain 
.  J'35  gram.  [20-84  gra]  of  muriatic  acid,  according  to  th« 
proportions  given  by  Bergman  of  35  acid  to  "5  •itide'. 

In  the  retort  were  left  2-1  gram.  [32*4  grs]  of  a.  tumid 
coal. 

HencQ  it  follows,  that  100  parts  of  this  acidiferous  reslucius 
Bubhlsnce  were  composed  «f 


Dry  marlatic  ocid 39'5 

Charcoal  •••••• 35 

O^igen,  hidrogeD.aad  car1)og  ••'•  ii'5 


Stct.Vl.  Thug  it  appears,  thai  gamboge 
resin,  since  we  find  iu  it  a  peculiar  resin  very  well  marked, , 
and  a  gum  resembling  that  of  many  of  our  fruit  ti 


•  Thl! c«rti>nl)r  oniiDSie*  Iheaeidloa  hi(h.  From  19  lo  19-%  p«r 
•ml  of  %tid  \i  the  mou  that  enii  be  ■Mowed,  actording  to  the  expeii- 
Kcaii  of  lennil  of  Uw  moit  emiosai  modem  cheiaitti.    C, 

Akt. 
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Art*  III.    Anaiydi  of  Evpherbium* 

Fuphorbium        Sect*  I.    The  Dutch  havi>  their  euphorbium  from  Mala- 

from  different  i,^,.^  where  it  flows  from  the  euphorbia  tintiquorum ;  that 
used  in  England  is  from  the  eupliorbia  cflnurieosik*,  which 
furnishes  the  euphorbium  used  in  France,  as  Mr.  Braconnot 
had  an  opportunity  of  Katisfying  himself,  by  finding  several 
branches  of  the  tree  among  the  specimens  he  examined. 

Action  of  hett      Secl»  II.    Euphorbium.  when  exposed  to  a  gentle  heat. 

^'^  '*'  softens  easily,  and  loses  a  twentieth  of  its  weight  in  moi&ture. 

Boiled  in  wa-    I  boiled  4  gram.  [61*8  grs]  in  100  gram.  [1544  grs]  of  dis- 

***'"•  tilled  water.    The  filtered  liquor  left  an  insoluble  substance. 

Propertieiof     ''h'jch,  when  dried,   weighed   3  gram.  [46*3  grs.].     M'hat 

the  passed  throuuh  was  of  an  amber  colour,  and  had  a  bitter 

taste  with  :i  slight  degree  of  acrimony. 

solution.  This  solution  reddened  infusion  of  litmus.     Oxalate  of 

potash  threw  down  from  it  a  pretty  copious  precipitate  of 
oxalate  of  lime.  Nitrate  of  lead  formed  in  it  a  white  pre- 
cipitate entirely  soluble  in  distilled  vinegar.  Lime-water 
rendered  it  turbid,  and  occabioned  a  yellow  precipitate^ 
«     which  vinegar  dissolved. 

Boiled  inako-  Secim  III.  A,  I  boiled  '20  gram.  [308'8  grs]  of  euphorbium 
in  90  gram.  [1389*6  grs]  of  alcohol  at  36*  [spec.  grav.  0'837], 
which  was  sufficient  to  dissolve  all  the  parts  capable  of  so- 
lution. Thl>  solution  liltercd  at  a  boiling  heat  left  a  sub- 
stance on  the  filter,  which,  after  being  well  washed  with 
alcohol  and  dried,  weighed  6*4  gram.  [98'8  grs,] 

D«pAsit  from        B.  Having  mixed  together  the  alcoholic  solutions,  wliich 

^®^|*^'***®*  ®°  had  grown  turbid  on  cooling,  and  let  them  stand  at  rest 
for  two  days,  a  considerable  quantity  of  a  white,  granular, 
and  somewhat  gelatinous  substance  was  deposited,  which, 
being  washed  with  alcohol  and  dried,  weighed  4*7  gram. 
[72*5  grs].  It  still  retained  some  alcohol,  which  being 
driven  off  by  heat,   only  3*4  gram.   [5d'd  grs]  remained. 

similar  to  wax.  This  substance  was  semitransparetit,  capable  of  being  in- 
dented by  a  hard  body,  softened  readily  between  the  fingers, 
was  almobt  wholly  volitalized  on  a  redhot   iron,  and  coui« 

*  According  Co  oor  college,  who  have  readmitted  it  into  their  last  Phar- 
msGopflpia,  from  the  euphorbia  officinaroni.    C. 

ported 
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pofteil  ttsdf  like  b««a  wiui,  wiiiclx  it  membles  ia  tnie]l  when 
Bcltfsl  <ir  Uur.iedi  Thts  was  of  eupharbiutn  reuioed  » 
riigiit  (k-K'*''^^  "(  ttcrimoiijr.  uo  ''.uibt  because  it  had  nut 
b«eii  tuAciKiilly  waslit^i  wix'n  ak-ukol.  1  nadc  ■  tuper  of 
it,  wtiurk  buTn*ii  wiih  i  vKry  1  leur  flames 
C.  'Ihe  6-4  gruMi.  [fldt)  grb]  ii.solublu  iu  alcohol  ij\  were  the  a»ne,  in. 

benU'd  10  t!ie  boiling  JX"'"' '"  l*'"  £'"'""•  t'^**  B'''! '^'^ '''*"'''''''''^^'''"'" 
tilled    w.itr.     The    filtwed  linoor  left    Mnni  luile  biu^„     "^* 
of  vmgd  nnd  thoruti   which  wWn  dried  tte'iglicd  3*7  dec. 
[4-17  B'O- 

/7.  The  squeoHk  oolution  (C)>  being  evaporoled,  formed  ard  enpo- 
a  inrnish  ou  tlie'  surface  of  the  gUM.     On  fvaporating  to  '*"'' 
dryitesk  H  biitit<^  inbittance  <vu!t  obtaiued,  wbiih  separated 
ia  ioi<:a>.i'ou8  stales,  did  nol  uttract  moisture,  and  weighed 

I  gram,  [tia.3  grs],  wblf h  1  pcreeivtd  at  o»«  to  be  muUle  ,,,1^^  „.^„ 
r  nf  lime*,  lu  fuit,  on  heating  tlus  HuliBtanue  witli  diluteil  ofllmo 
Mlpltiiric  Hcid,  I  obtaitied.  Ist,  g>.'r;  nhiti:^  tiil|]h(ite  of 
f,  which,  after  being  nnsheil  und  dried,  wwghtd  l-C  grata. 
K^4  ~  fCfi]:  Sdly,  au  U'ld,  xvliich  ulcohDldiaaolvcd,  and  froin 
nhich  it  serrated  5  dtc.  [7  gri]  of  Bulphnte  of  lime. 
The  solution,  beiiii;  evapomtcd,  prodnceil  2  gruoi.  [30-83 

■9.1  of  malic  ncid,  retaining  a  little  sulphuric  iu_-iJ,  which 
'  WHflsepHruled  by  barrte*. 

MaUie  of  lime  therefore  appears  to  exist  In  lolemble  Thit  mi>uk«m 
4[uai)tity  in  Ibe   milky   juice  of  ihe  euphorbins  ;  and  it  fius '"^  E<">i 

'»  »all,  which  the  ol^er  chemiits  mistook  for  a  |;iini  lu  the 
ftuphorbium  uf  th«  ihopti,  nud  which  Mr.  Luudct  bas  con*  ^oi  cxttnet, 
fuuiidi^d  with  extract. 

E.  The  alcoholic  wlution  (B),  being  evnporaicd  to  dry-  Mo«  wh  ob. 
■urw,  left  a  residuum  weighing  8'3  grnm.  [W8  grt].     This '''''"'^- 
wa■IreuIltd  with  cold  alcohol,  which  diaaoUed  the  resinout 
^rta,  nnd  fnrlhvriepafated  4  dec.  [G-Q  grs.]  of  wax. 

/■'.  Thi»  Bolntiou  bcii^  evaporated  afreBh,  a  resiu  was  oV  R™n'  ml«H 
tained,  that  ulttacled  moi.turc  from  the  air  in  a  small  de-  p^)^!^'''"*  "' 
grce.     This  was  owing  to  the  presence  of  mnlate  of  potash, 
which  I  obtained  by  hcaiiog  the  resin  with  distilled  water. 
Vhen  well  dried  it  weighed  4  dec.  [6'2  gn.] 

•  I  hnte  ilnudjr  made  known,  Ihil  ihe  [icinui,  which  1*  ofdl*  (klml^ 
«f  Faphorbtfi,  conltttu rulie  uti],  ticutnKz(ai  *  larse  ijiitiittry  of  pot- 
Btbaii]  line. 
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C7.  Tlie  rotin  oF  enphorbium  has  a  reddish  transparency* 
and  extreme  acrimony,  whence  it  may  be  considered  as  m 
▼iolent  poison.  It  becomes  electric  by  friction.  Alkulia  have 
no  sensible  action  on  \t,  Snlpburic  acid  dissolves  it  cold. 
Treated  with  nitric  acid  at  a  beat  oF  20"  [77*  F.]  it  softens, 
grows  yellow,  and  begins  to  decompose.  By  increasing  the 
huat,  a  complete  solution  is  obtained,  which,  when  ei'apo* 
rated,  yielded  a  great  deal  of  yellowish  resiniform  matter, 
a  soluble  reainoumer  hiibstance,  and  some  traces  of  oxalic 
acid. 

Sect.  IV.  From  these  experiments  it  follows,  that  100 
parts  of  euphorbia ni  are  composed  of 

Wuter 5 

Wax 19 

Woody  matter 13*5 

Malate  of  lime 20.5 

■  potash 

Resin • 37 

Loss  •• 3 

100 

Art.  IV«<— 'itfita/yj/i  of  Myrrh* 

Sc£L  I.  Thirty  (irram.  [463*2  grs.]  of  myrrh  gradually 
heated  to  redness  in  a  retort  yielded  10  gram.  [154.4  grs.] 
of  an  empyreumatic,  heavy,  brown  oil ;  10  gram.  [154*4  grs.] 
of  a  red  liquid,  that  changed  sirup  of  violets  green,  yielded 
ammonia  when  mixed  with  potash,  and  acetate  of  potash 
mixed  with  oil  when  evaporated. 

The  coal  left  in  the  retort  occupied  less  space  than  the 
myrrh  itself,  was  compaS,  iridescent,  shining,  and  weighed 
7*^5  p^ram.  [113  grs.]  Being  icineratcd  it  produced  1*6 
gram.  [34*7  grs-]  of  white  ashes,  which  furnished  by  elu« 
triation  7  cent.  [1.08  grs.]  of  sulphate  of  potash  mixed  with 
a  small  quantity  of  subcurbonate. 

The  part  of  the  ashes  insoluble  in  water  dissolved  com* 
pictely  in  nitric  acid  with  effervescence,  carbonic  acid  being 
evolved  mixed  with  a  little  sulphuretted  hidrogen>  arising 
no  doubt  from  the  decomposition  of  a  small  quantity  of 
au'phate  of  potash  by  the  lime  and  carbon.  The  nitric  so- 
lution 
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lutiotk  ibtilfliiied  niithiDg  bnt  lime,  wbich  was  icpBrfttfd 
katimljr  trv  •tibi.-arboafii«  uf  (lotnth. 

S«t.  li.     A.  Fifty  gn.li..  [77^  gr..]  of  mytrb  <llnili«d  ^,^\^^- 
«ilb  waivr  yieldtd  a  pnMln^t  lisving  the  smell  or  itie  myrrii^  viui. 
«n<)  >D  whidi  flout^  a  titlW  volutile  oil. 

B.  Ttie  rmiduum  of'  ttiis  ditlillatioii  being  thrown  &n  b 
filter,  ttie  lit^aid  wns  ti  loitg  timr  in  pacing  tbrough.  The 
tuaiter  lti«t  did  not  diMvlve  wu  well  washed  with  boiling 

C  Tb«  aevemt  li()iiors,  bi-ing  mixed  and  evaporated  to  Oom, 
dryncM.  kft  ii3  )nMm<  [JS5  gra.]  of  n  nd  trat)Bpnf(;nt  gum, 
tiiter  to  lb«  laile. 

I.  Thie  gum  T«ddcn«d  iiifu&ion  of  litinui.  In  preptriim. 

3.  Tiwaied  with  boiling  water  it  dissolved  only  io  part. 
Whiit  reuiHineil  was  B  sulfituocc  of  u  gummy  uppearancr, 
ai.d  wBo  petticTly  inHulubIc  rven  in  dilute  ocidg.  It  tvas 
bulky,  bfi'umv  WiUl«wheii  dtinl,  auii  Hl'terwiirdii  swelled 
up  in  boiliug  water  without  dissolving.  This  insolubility 
Bcqoti'M)  by  the  gam  uf  myrrh  ii|i]ieiirE  to  be  oiTing  to  heaU 

3.  The  gam  of  myrrh  yielded  by  dinlillation  lubMctate 
of  Dmiuoni*,  iiom«  oil,  and  a  coal,  which  incinerates  very 
easily  compared  wiih  those  of  animal  matters. 

4.  Treated  with  dilute  nitric  udd,  and  gently  healed,  it 
|;ave  out  carbonic  add  ^aa  mil  ed  with  nitrogen;  a  yellow 
AocculF-nt  mutter  was  deposited,  which  noon  diitappeated; 
nod,  the  liquor  buiug  evuporati:d,  oxalic  acid  remuioed, 
mixed  ar'ttb  toalic  icid,  auU  a  bitter  yellow  miilteri  which 
4id  not  detonate. 

5.  Oxalate  ut'  poluah  threw  down  oxulute  of  Inoe  froin 
the  tolotton  of  the  gum. 

6.  Lime-water  in  tixceos  did  not  alter  ita  transparency,  so 
that  it  contained  neither  niRli<^  nor  pha«|iliotiv  acid. 

7.'  Neither  decoction  of  gulU  nor  oxJmuriatic  ai:)d  occ^ 
•ioun)  any  change  in  it.  I 

8.  Several  metallic  tolattona,  ae  those  of  lend,  mercury, 
and  tin,  form  copious  white  precipitnles  in  the  aqueous  so- 
luiion  of  this  gum. 

Tha  precipitate  prodawd  "by  nitrsle  of  lead  in  23  gram. 
[35S  grs.]  of  this  gum  dissolved  in'wnter  weighed  SO'fl  gram. 
3I1'8  gn-].     It  was  ofsTeddiii))  colour,   like  toynli,  md 
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•eroitransparent.  Boilini^  water  only  dirided  it ;  but,  on 
adding  gradually  weak  sulphuric  acid  to  a  very  alight  ex« 
cess,  the  clots  disap|>eared,  and  it  iv'ns  filtered.  What  re^ 
HMiined  on  the  iiUer,  when  well  wished  and  dried,  conaitted 
of  5'3  gram.  [81*8  grs.]  of  unlphate  of  lead,  contftining 
4  grnm.  [61*76  grs.]  of  oxide;  which  had  been  coonbined 
with  iG  gram.  [!i247  grn.]  of  the  gum,  that  were  reobtaincd 
by  evaporating  the  liquor  aeparated  from  the  sulphate  •£ 
lead.  This  gum,  which  retained  an  excess  of  acid»  yielded 
neither  malic  nor  phosphoric  acid  when  treated  with  aleo- 
bol ;  which  led  me  to  auspect,  that  the  lime  contained  in 
thi-  gum  of  myrrh  is  saturated  by  acetic  acid ;  and  perhaps 
also  by  carbonic ;  for,  if  sulphuric  acid  be  poured  iuto  a 
solatioD  of  this  gutD«  a  slight  eiftTvesceuce  takes  place*  and 
a  precipitate  of  sulphate  of  lime. 

We  see  from  what  precedes,  that  the  gum  of  rayrrb  ia 
aiot  entirely  separated  from  its  solvent  by  the  nitrate  of 
lead ;  since  of  the  23  granu  [355  grs.]  only  l6  \M7  grs.] 
fell  down  with  .the  oxide.    This  must  have  been  owing  ta 
the  nitric  ucid  set  free;  for  a  salt  of  lead  surcharged  with 
oxide,  as  the  subacetate,  precipitates  almost  wholly  the  so« 
lution  of  the  gum  of  myrrh,  and  entirely,  if  a  little  alkali 
be  added  to  the  mixture, 
Th«  part  inso-     ^'  What  remained  on  the  fiUer  (fi.)  whs  heated  with  aU 
luble  ill  water  cohol,  which   dissolved  all  the  resinous  parts,  and  left  be« 
alcohol.  ''i"^  "  *^^^'  transparent,  substance,  insoluble  in  boiling 

water,  and  weighins^  when   dried  6  gram.   [92.6  grs.].     It 
had  all  the  properties  of  the  gummy  matter  already  men- 
tioned. 
ftei'm  pro-  E'  The  alcoholic  solution  (!>.),  mixed  with  the  spirit 

duced.  ^ggj  jjj  washing  the  filters,  yielded  on  evaporation  II '5  gram. 

[177*^  grs.]  of  a  brown  resin,  with  an  aromatic  bitter  taste 
like  that  of  myrrh. 
Itft  properties.       i.  This  resin  softens  easily  between  the  fingers,  melts  at 
48*^  R.  [140**  F.],  and  docs  not  become  electric. 

S.  It  emits  an  aromatic  nnoke  while  burning,  and  yields 
on  distillation  the  same  products  as  rebins. 

3.  With  potash  it  forms  a  kind  of  soap,  the  aqueous  so* 
lution  of  which  pusses  turbid  through  tlie  filter. 
4*  On  5*5  gram.  [85  grs.]  of  this  resin   of  myrrh  were 
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pponrd  33  gram.  [509-5  gr*.]  of  nitric  aciit  at  38°,  which 
Inrned  the  re»iit  blncktah.  Th«  mutturt;  being  distilled 
emilt«d  red  va^iours,  but  not  very  uliuuilniitly.  Aflw  hsv- 
ing  obtained  a  product  of  ub<>ut  30  ifrain.  [309  gre.]  I'mm 
this  wliitiati,  Uie  retort  qritii  reiuoved  finra  the  6te.  A  r«- 
niiiforui  subvbince  of  aii  orau^e  colour 'fluatMl  in  it,  wlii4:ti, 
wtii'Q  wuslied  Biid  dried  WHS  ofa  |iul«  yellow,  uud  wriglieil 
1'5  griun.  £-2J  gn>].  It  was  pulverulent,  bitter,  not  v«ry 
ftiaible,  puttly  soluble  in  water,  aud  funned  vrilli  potnsli  a 
Wponuceous  compound,  wbich  dissolved  verycusilj'  iu  walert 
giving  it  u  rt'd  colour,  without  any  diokiovitJoi)  of  it»  trau»> 
^reucy.  Tbi«  reMiiifono  subslMiice  coalains  a  great  deal 
of  carbon,  and  is  sensibly  altored  by  uJlric  uvid,  which«aly 
diwolves  it.  Iu  other  reH^ecit  it  cotu^oit*  i(*t>tf  Uk«  tjt^ 
teaiii  of  gamboge  treii[(;d  uitli  nitric  add. 

The  nitric  solution,  on  wtiich  this  substance  Sooted,  buvi^ 
evaporated  to  dryueai,  lel^  a  residuum,  wtiicb  being  uell 
waslied,  furnished  I  gram.  [I5'4  grs.]  more  of  ibe  rcMiii* 
form  lubslaiice,  which  bad  been  lte)jt  dissolved  by  m«;iiu(  - 
•f  the  nitric  acid.  Lime-wnltr  in  excets  uddud  to  ihe  ws- 
tersof  elutriatiou  separated  1-2  gruui.  [18'3  gr>.]  of  oxalate 
of  iJRit:  mingled  tvitb  a  somll  pottioo  of  mulnle.  Theiupei- 
oalant  liquid  contained  a  bitter  yellow  matter. 

Sect.  III.     From  these  experiueuts  tt  fifHows,  liiat  myrrh  Myth  toaJOt 
couiilslB  principally  of  a  gum  ditfc rent  fi«m  the  uoidibou'^^'     * 
kind,  the  lending  properties  of  ivhich  arc 

I,  To  acquire  a  degree  of  uoheiioii  from  the  action  of  Iti  chi-rclo< 
beat,  when  its  solutions  ore  evapurated,  which  readers  H  ncieii-iict. 
^rtly  ioMluble  in  water: 

3>  To  give  out  Ammonia  whea  distilled,  and  rxitrogen  gai 
when  acted  on  by  nitric  acid;  which  (^ivea  it  au  affinity  to 
■uimal  luljstanc^: 

3,  To  decompoie  solutions  of  lead,  mcrcarjr,  aod  tioi 
and   unite  with  their  oxides. 

Myri'h  contains  likewise  about  0-23  of  its  weight  of  a  very 
hnbl<;  bitt^  reiiooui  matter. 

(Tti  ll  imliautJ.J 
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SCIENTIFIC  NEWS. 

/2oya/  Society  of  Edinburgkm 

VojaI  Society  \JN  the  7th  of  January  Sir  George  M'Kenzie  continued 
•f  £«nburgh.  jj-^  account  of  the  Mineralogy  of  Iceland,  and  described' 
aome  very  curious  geological  facts. 

On  the  Slst  he  concluded  his  mineralogical  detail,  with 
an  interesting  description  of  Mount  Hecla  and  other  volca- 
nic districts.  In  thi»  paper  Sir  George  made  some  lemarka 
which  tended  to  place  obsidian  and  pumice  in  a  conspi- 
cuous point  of  view,  as  relaling  to  the  different  theories  of 
the  Earthy  and  clearly  proi'cd  their  origin  to  be  igneous,  a 

m 

position  which  has  hitherto  been  denied  by  Werner  and  bis 
pupils* 

On  the  4th  of  February  Dr.  Brewster  read  an  ingenious 
paper  on  the  loss  of  the  comet  of  1770.— Sir  George 
M*Kenzie  described  some  remarkable  hot  springs  in  Ice- 
land. To  one  of  these  he  gave  the  name  of  the  alternating 
Geyser^  as  it  spouted  from  two  distinct  orifices  evidentlj 
connected  within,  but  only  from  one  at  a  time,  the  opera- 
tions of  which  alternated  with  those  of  the  other  at  regular 
intervals  of  time. 

On  the  18th  Professor  Playfair  read  part  of  a  Biogra- 
phical Memoir  of  the  late  John  Robisoii,  LL.D.  and  Pro« 
lV"^sor  of  Natural  Pliilosoi>hy  in  the  University  of  Edinburgh. 
Mr.  Allan  communicated  a  letter  from  Dr.  Henry,  of  Man- 
chester, describing  the  position  of  some  singular  masses  of 
a  substance  apparently  composed  of  wax  and  resin,  which 
had  been  laid  bare  by  a  late  overflow  of  the  river  Mersey,  a 
little  below  Stockport,  about  throe  feet  under  the  soil,  and 
supposed  to  be  the  refuse  of  some  manufactory,  of  which 
no  other  vebtige  or  recollection  now  remains* 
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Sscicty.  Society,  in  4to,  with  many  plates,  is  in  the  press,  and  will 

be  ready  for  publicatioQ  in  the  month  of  May  next. 
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TO  CORRESPONDENTS. 

Philuchemicns  ion  iial  item  lo  Iw  aware,  tlitt  itte  ob- 
ject of  (lie  i^iiIvnnM  troit^^hs  he  mention*  wait  lo  gel  rid  of 
the  cement,  all  tlie  <)itiu(lvaiituii;es  ur  which  recur  iu  t1i« 
plan  he  propones.  Any  daii;^er  to  be  ufipHtenOfd  fiaqt 
the  use  of  curtbcnware  or  g1ae«  ntivy  readily  be  obviated  bjr 
»li*  simple  and  dieap  defence  of  a  cuiie  of  comBon  wood. 

With  regnrd  lo  the  use  of  the  word  partidei  when  be  dt- 
fine*  it,  in  one  place,  tht:  amulIesC  |iortion  of  nay  com- 
pound substance  into  which  it  rnn  he  rf»olved  without 
decamposition;  and,  in  unother,  (he  smull^st  portion  of  aiiy 
compound  boily,  which  wc  con  procure  by  inechuiiictl 
means ;  these  two  definitions  are  obviously  out  conMiteui 
with  philosophical  precision.  The  faot  nppeari  to  be, 
tliat  the  word  particle,  or  small  part,  a  word  with  a  cer- 
luiu  laxity  of  signification  io  common  me,  cannot  wrll 
IherHnre  be  confined  lo  one  precist?  and  defiiiita  tiieaiHiyf 
on  uti  occasions;  but  like  many  uthet  ternii,  will  hare  iU 
BJiBct  sense  to  be  determintd  in  general  by  tht  context. 

L,  O.C.'s  paper  will  be  inserted  ihe  earlint  opponuuity. 

As  a  retjuest  formerly  made  appears  not  lo  hnie  b«en 
■ecu,  or  to  have  been  overlooked,  by  «ome  of  my  mora 
recent  cot  res  pan  den  Is,  I  beg  leave  to  rep«at  it.  It  is,  that 
they  would  leave  in  their  manuscript  a  margin  for  the  io- 
avrtioD  of  the  side  notes.  It  is  also  desirable,  that,  when 
■  paper  requires  drawing*  for  its  illustration,  none  »f  it 
«l|oald  be  wntlvn  ou  the  back  of  the  drawing 
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ARTICLE  I. 

Observations  and  Experiments  on  the  Alkaline  Metalloids  \  by 
J.  Mua&AYy  Lecturer  on  Chemistry^  Sfc,,  Edinburgh. 


To  Mr,  NICHOLSON. 


SIR, 


jl  HE  speculation  with  regard  to  the  nature  of  the  metal-  Bertho11e»*k  re- 
lic bases  of  the  alkalis,  which  I  venture  to  submit  to  your  n»rk«  on  wa- 
readers  in  the  following  pages,  occurred  to  me  some  months  * 

ago,  on  perusing  a  paper  by  Berthollet  in  the  2d  volume  of 
the  Memoires  D*Arruei),  on  tlie  existence  of  combined  wa« 
ter  in  potash.  Having  onty  lately  had  it  in  my  power  to 
perform  the  experiments  connected  with  the  investigation, 
I  now  transmit  to  yon  a  general  account  of  the  results, 
which  may  not  perhaps  be  without  interest  in  the  present 
state  of  chemical  iiniuiries. 

In  tlie  memoir  to  which  I  allude,  Berthollet  relates  expe-  fihich  ctnnot 
riments,  which  appear  to  prove,  that  potash  prepared  by  ^^ '"P*^***  ^^ 
the  usual  procei»s  contains  a  considerable  proportion  of  wa- 
ter,   from  which,  while  it  exists  in  an  insulated  state,  it 
cannot  be  freed  by  the  application  of  heat«-   The  heat  at 
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first  dissipates  9  portion  of  the  water;  but  in  continuing  the 
application  of  it,  the  potash  itself  rises  in  vapour  before  the 
whole  of  the  water  is  expelled.    Hence  BerthoUut  found « 
that  potash  in  this  state  yields,  when  it  is  mixed  with  iron 
filings,  and  exposed  to  a  sufficiently  elevated  temperature* 
a  large  quantity  of  hidrogen  gas.     From  this  it  app«>ar8 
evidently  to  contain  water ;  and  from  the  results  of  its  com- 
bination with  muriatic  acid  he  infers,  that  the  quantity 
amounts  to  13*64  in  100  parts  of  potash  which  has  been 
kept  in  fusion  until  it  rises  in  vapour. 
Tliistppinnt-      Admitting  this,  it  appears  to  lead  to  conclusions  iocom- 
blei^h  the'   P*^We  with  the  theory,  which  has  usually  been  received, 
theory  of  the  of  the  decomposition  of  potash  by  gulvauism.     In  thia  de» 
onJotlish  b**"*  composition  oxi^en  is  givep  out  at  the  positive  side,  and 
Calvaoism,       potassium  appears  at  the  negative  side ;  and  according  to 
the  theory  given  by  Mi>.  Davy  of  this  experiment,  this  ia 
owing  to  the  decomposition  of  the  alkali— the  potassium  is 
its  baseband  the  oxigen.  the  priociple«  with  which  this  basa 
bad  been  combined* 
as  thf^  water         But  if  the  existence  of  water  in  potash  be  admitted,  the 

drwmjSJlrd     ^^^^^  ^^^  "^*   conformable  to  this  theory.     Thia  water, 
butnohidru-   there  can  be  little  doubt,  must  suffer  decomposition  from 
g^beTotfdd.  the  action  of  galvanism  upon  it,  its  oxigen  will  be  evolved 
at  the  positive  pole,  and  its  hidrogen  ought  to  appear  at 
the  negative  side.    No  such  evolution  of  hidrogen  however 
is  to  be  observed  in  the  t-onimon  mode  of  making  the  expe- 
riments;  and  Mr.  Davy,  by  whom  it  has  been  executed 
^^ith  so  mucii  care,  and  on  bO  large  a  scale,  has  remarked, 
that  at  the  ntsfutive  surf^ce  there  is  no  liberation  of  elastic 
fluid,  nothing  being  produced  there  but  the  metallic  globules. 
It  appears  therefore  to  follow  almost  us  a  necessary  conclu- 
sion, if  the  existence  of  water  in  potash  be  established,  that, 
since  hidro«{en  does  not  oppear  in  its  insulated  form,  it  must 
enter  into  the  composition  of  tlie  metallic  matter,  which 
appears  at  the  negiitive  side;  and  of  course  a  different  view 
must  be  given  of  the  operation  from   that  which  regards  it 
as  a  mere  decomposition  of  the  alkali. 
S  rn.i>i»v,t  nr.o'le      There  are  several  modes  of  investigation,  by  which  the 

ef uivcstiRai     inqniiy  ^ith  regard  to  this  may  be  prosecuted.     The  sim- 
inj  this  point,      /       '  ^  i      i     ..    , 

plcbt  experimeiit  however,  by  which  ht^ht  may  be  thrown 

oa 
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on  il;  and  wliidi.  ns  it  ippeow*!  not  difficult  to  MfCiitS 
with  Bccurnry,  I  prffrrrw)  ;*i«  to  aict^sin  the  imtur*  of  the 
product  oftht  oxigvHnlion  of  potaiiiiutB.  It  wa«  MUcertinn^ 
by  Mr.  Davy,  that,  when  b«tM»imn  comWnM  with  oxlf^ea. 
*  it  form!)  Solid,  and  appKrftiJy  uuusually  d>-v  potft^lt.  Jiovt  if 
pousijum  if  simply  the  hnm  of  the  Hlkuli,  formlni;  it  when 
unified  trllli  o«i^Fn,  th«  polosli  fo'mfd  iii  iliii  way  mast  bt 
the  pare  alkali :  iliere  is  no  source  (vhcnc*  uny  water  can  h^ 
enm  mum  rated  to  it,  nnd  of  course  it  cansot  contain  tint 
poriioo  nf  water,  whteti  is  esiteiitial  to  the  potash  prepared! 
by  the  common  process.  But  if  it  be  found  to  conUin 
water,  it  may  be  inferred,  that  hidrt^n  had  e^tisted  in  lh« 
cooipositioii  of  [totiiiiium,  which,  combininj^  irith  oxif^en 
during  the  coinbutttion,  formed  this  water. 

Mr.  Dory  had  perceived  the  importance  of  the  inquiry  Mr.  Ditr'i 
with  regard  to  the  prewnce  of  water  in  potaah,  and  cndee-  "1="'"'""  <* 
roiired  to  dcterioine  the  relnlion  uf  the  dryiteis  of  the  pot-  poiAih  torniil 
Mh  formrd  from  potassium  to  that  existing  in  sonie  of  its  *:""'  P"'*^ 
ealine  combinHtiuna  supposed  to  be  free  fiTim  water.     Ber-         ' 
thoHet  had  infi^Trcd,  tliat  potash  which  had  been  in  fa«ion 
partN  with  l3*Bg  of  wnter  when  it  enters  into  eoaibin«tiou 
«ith  inuriutie  acid.     By  converting  potassium  into  mnrinie 
of  polu&h  in  mdriatic  acid  {;us,  Mr.  Davy  obtained  results, 
whenre  he  inferred,  that  (he  nlkuli,  which  llerthollel  had 
tiiken  as  a  si*adard,<-onIiiiiiH  if  percent  more  wnter  than  that 
Aitltngin  the  patush  formed  bTlheeombuition  of  potBaiium 
in  muriatic  acid  pis,  so  that  the  fused  potash  of  Berthollet 
contains  consequently  near  93  per  cent  of  water;   and  he 
adds,  that,  from  hi:4  own  obstrvationa.  potash  kept  for  sooitf 
time  in  a  red  hent  cftiit«ins  )lj  orl?  per  cent  of  wnter,  taking 
the  potash  formed  Ly  the  combustion  of  potassium  ■«  the 
dry  alniidard. 

Thcte  condgiiuns  liowever  b«cnme  uncertain  iii  conae- luhleiQuncch 
ffomce  nf  the  different  tlieory,  which  Mr,  Davv  hflFi  pro-  """"*■ 
posed  on  the  action  ol  miinuiic  scid  gan  on  potassium  ;  they 
Hrv  liable  too  lo  the  oncertainti(>^,  whicli  ari»«  froui  iii«  diffi- 
culty of  e'limatius  'he  quantity  of  water  »u  mariatic  acid, 
and  the  subject  mnit  br  msenti^uled    <tiiler  another  form. 

Tlie  follw«iii]»  Hppeuretl  lo  me  lu  be  tne  aioiplest  node  of  Compsriion  «f 
experiiueul,  tlwl  lo  which  the  condiuieu  is  Bust  direct, 
K  .'  sitid 


litirj;  puwai* 
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of  fused  pot-  And  the  investigation  lenst  liable  to  errour— to  determine  iF 
ash  and  potash  there  is  the  same    quantity   of  real  alkali  in  the  potash 
QQi^  ^       ^   formed  by  the  oxigenation  of  potassium^  and  in  the  potash 
prepared  by  the  usual  process,  and  which  has  been  kept  in 
fusion,  by  comparing  their  powers  in  neutralizing  an  acid. 
The  di£Ference      I  dissolved  10  grains  of  pure  potash  prepared  by  the  nsnal 
verj  trivial,      process,  i^'hich  had  been  kept  in  fusion  in  a  low  red  heat,  in 
half  an  ounce  of  water,  and  neutralized  this  by  the  addition 
of  nitric  acid  previously  diluted  wiUi  20  parts  of  water: 
165  grains  of  this  diluted  acid  were  required  for  neutraliza- 
tion.    The  dry  product  of  the  combustion  of  potassium  was 
then  dissolved  in  water,  there  remained  undissolved  a  mi- 
nute portion  of  matter--— On  removing  this  and  weighing  it, 
the  reni'dining  solution  required  for  neutralization  of  the 
above  diluted  acid  a  quantity  which  was  equivalent,     t  a 
mean  of  several  experiments,  to  lG9*5  grains  to  10  grains 
of  the  product,  supposing  it  to  have  been  free  from  any 
any  intermixture  of  insoluble  matter.    Here  then  the  same 
quantity  of  acid  was  required   for  neutralization  as  nearly 
as  can  be  expected,   for  the  difference   of  4*5  grains  of 
an   acid   so   much  diluted  on  so  large  a  quantity  as  l6d 
grains  is  far  from  being  equal  to  the  difference,  which  ought 
to  have  been  found,  were  the  product  of  the  combination 
of  potassium  the  real  alkali,  free  from  water;  and  is  indeed 
so  trivial,  that  it  may  nearly  be  neglected. 

That  this  would  be  the  case  misjht  nearlv  be  inferred  a 
priori;  for  in  decomposint^  potash  by  galvanism,  there  is  no 
appearance  of  tlie  water  which  it  contains  being  dissipated. 
Either  that  water  therefore  in  its  entire  state,  or  its  base, 
must  exist  in  the  product;  its  o\i|ren,  according  to  the  lat- 
ter supposition,  beih<^  ^iven  out ;  and  of  course  when  that 
product  is  again  converted  by  oxigenation  into  potash,  the 
water  must  be  found  in  this  potu»h. 

An  interesting  experiment  in  coniirmation  of  the  above 
results  would  be  to  submit  the  dry  product  of  the  oxigena- 
tion of  potassium  to  the  experiment  made  by  Bertholiet  on 
common  potash — heating  it  with  iron  filings  to  abcertuin  if 
it  affords  hidrog<.'n.  This  I  inteml  to  do,  when  1  have  pro- 
cured a  sufficient  quantity  of  potassium  to  admit  of  the 
expe.ioaent  buing  made  with  accuracy. 

From 


Water  lo  be 
expected  in 
the  potash 
irom  potas- 
sium. 


Desirable  to 
heat  it  witli 
iron  filings. 
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ON   THE    ALKIUME  METJttOIDI. 

From  ihe  preaent  iuvriiti^^tiaD  il  nppmrs  Ia  be  ettublisbcdt  Potttffum  ip- 
thsl  pota»t>iuiQ  cunUin?  tii(Ito;;eii.     Tbis  resla  on  two  fuels;  H^wi'ly  eoo- 
^nt,  Ihat  pota~h,  ttbich  ia  provtdiornnlain  water,  ^ivesoat 
nt>  hitlrogeii,  when  convertrd  iuto  potuKKium  by  gulvaiiUm  ; 
Hiid   settmdlff,   that  puliissium   in   cotuliiiiiiig  wiih  b\igen 
formi  put«»li  (-onluiuiiig  wuitrr. 

Gay-LuBsac  anil  TbeiianI,  soon  af^er  tiie  publicntioD  of  Hypoihetn  of 
Mr.  Daly's  discovery  of  tiie  metuUijeaiiait  of  the   iilkuliti,  (;ay-Lui.«, 
proiiosed  a  different  theory  of  the  process  from  that  which  i>,iion, ' 
III?  hiid  advanced.      Thiry  cnnsidi-red  the    new  metali    an 
conipoiioda  of  tlie  nlliulia  with  hidrogen.     Mr.  Diilton  hsi 
embritcfd  this  view,  partly  fiom  the  cantideration  of  ihe 
Iits«eiicu  of  water  iii  fuicd  potash,  and  partly  from  the  cou- 
lideralioii  nf  the  levity  ijiid    voiuilliiy  of  polatsiuui.     The 
facts  iibuve  eilabliBbeil,  it  niuy  be  ^uppoaed,  are  in  con- 
formity [a  this  theory.     They  inuy  tio  doubt  be  explained 
by  it,  while  ihey  seem  nut  recuiiuilMlilc  to  ihe  liypotheaiB  of 
Mr.  Uuvy.      I  would  propose    hnivever  a  different  vieir, 
I'l^unUy  adapted  to  these  pheuomeim,  and  ai  it  appeara  to 
ine  more  conforaiable  tu  analogy.  X 

1  nould  suppose  with  Mr.  Davy,  that,  in  the  prodoction  Mr.  MumjY ' 
of  poUiSbiiiru  and  Hodiuni,  the  potaah  and  soda  are  decom- 
poitd;  the    oxigcn,  whit.'h    I  also  siipiioge  combined  with 
them  ill  tijese  alkalis,  bcin^  dinengngcd  al  the  positive  aide. 
But  ioHiead  of  regarding;  them  as  the  real  bases  of  the  al- 
kalis, I  wuuld  consider  theiii  ius  compound*  of  the!>e  basea 
with  hidrugen.     While    the  alkali  is  decomposed   by  tlie 
^nlvanic  action,  the  nuicr  it  contains  nui^t  etjiially  be  de- 
composed; the  oxigeo  of  both  will,  in  coofonnity  lo  the 
)a«  which  regulates  galvanic  decomposition,  be  attracted 
to  the  pasitive  side,  and  at  the  nefrutive  Eide  the  metallic 
hafic  of  the  alkali  will  he  evolved ;  nt>d  the  hidro^eti  of  the 
water,  being  there  also  in  conformity  to  the  same  law  disen- 
gaged, will  in  its  nascent  state  comljlne  with  that  base. 
The  potasHiuiu  or  the  sodium  Ib  the  product  of  this  combi- 
nation.  The  theory  of  the  production  of  these  substances  in  ThpniBai' 
the  decomposiiioo  of  the  alkalis  by  iron  at  a  high  tempera-  '"'*'*  'o^">*'* 
ture,  in  conformity  to  these  licws,  must  he  obvious— the  pfc  i'uin"<if'' 
iron  attracting  the  oxigen  bolli  of  the  alkali,  and  of  tlie  '""■  i"otublr 
V^ter,aucl  ihehidrogea  of  the  w  *" "  " 
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Hon  cC  hidror   metallic  base,  the  potasnum  obtained  by  this  proceta  bns 
1**^  been  observed  to  have  a  greater  specific  gravity*  than  that 

^  obtained  by  the  action  of  galvanism.     This  hns  been  as- 

cribed to  a  slight  alloy  of  iron,  which  has  not  however  beea 
detected.  It  is  not  i  in  probable,  that  it  may  be  owing  to 
it?  containing  less  Kidrugen»  a  quantity  of  hidrogen  being 
disengaged  in  the  process  by  which  it  is  formed,  while  no 
evolution  of  this  principle  is  observed  in  the  production  of 
pota&bium  by  galvanism.  The  whole  hidrogtrn  of  the  wa« 
ter  therefore,  which  existed  in  the  pota^'h,  will  not  be  con- 
tained in  the  potassium  formed  in  this  way;  and  to  this  may 
be  owing  that  slight  superiority  of  alkaline  strength,  ob- 
nerved  in  the  above  experiments^  of  the  [jotash  formed  from 
gotatsium. 

One  or  other  of  these  theories—either  that  pTopx>sed  by 
Qay«L^^c  and  Theuard,  or  that  w'iiich  I  have  stated,  it 
appears  to  roe  must  be  udopted ;  and  the  latter  farther  ap« 
pears  to  me  in  several  respects  preferable  to  the  former. 

Areumenif  in  '^"here  is  no  anaiogy  in  favour  of  the  assumption,  that  the 
fkvQur  of  the  t^lkaline  metals  are  compounds  of  the  alkahs  with  hidiogen, 
thesis^*  '^  ^^^  rather  an  improbability.  There  are  no  grounds  whence 
wf  can  infer,  that  the  comtiion  metals  are  compounds  of 
what  we  at  present  regard  as  tlieir  oxides  with  hidrogen; 
and  unless  we  make  this  assumption,  thefe  is  an  improba- 
bility in  the  hypotheriis,  that  the  alkaline  metals,  which 
have  all  the  metallic  properties,  are  compounds  of  this  kind. 

An  analog)  can  be  traced  contu'cting  ihe  earths  with  the 
common  metallic  oxides,  and  a  similar  analogy  connects 
the  alkalis  wiih  the  earths.  This  leads  to  the  conclusion, 
that  all  these  substances  are  of  similar  chemical  constitu- 
tion; that  the  earths  and  the  alkalis  therefore,  like  the 
metallic  oxides,  are  compounds  of  metallic  bases  ^ith 
oxigen. 

I'hc  hypothesis  I  have  advaiiced  is  in  conformity  with 
both  these  ana>gies;  it  has  therefore  all  the  advantages, 
which  belonged  to  the  theory  given  by  Mr.  Davy;  and, 
independent  of  the  above  facts,  which  appear  to  he  subver- 
sive of  that  theory,  it  has  tome  advantages  which  Mr* 
Pavy*s  cannot  claim.  In  particular  th^  levity  of  the  alka- 
line 
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tne   raetmlloids.    which  hiw   nlwnys  been  eegardcd    ns  an 
Momaly,  may  be  auiipo^ed  to  ftriae  Fnim  the  presence  6f 

Thut  th>««  aubMancn  bhoiilrl  retnin  metallic  pru|iertiei,  jCu  ruion  wti^ 
hini'Oshiff  thi-tn  to  be  metuia  rumbitictt  with  hii!ro<'eii.  cad-  'iMrogen 

i»  .        -  1     .  11      .  I    a  ut        ■  :■        ihoBtdJoHioT 

Boilx!  repirrteJiiFi  an  objfctwii.     liiflnniiiiableH  iii  uniUftg  mcuillio  jr^ 
ith  inetaU  (to  not  NllORether  Biibvcrt.  and  freqitpnlly  tvett  pei«k>, 
>  not   nwteriullf  modify  the  metulltc  properties.     Steel, 
Ittie  com|3nmici  of  iron  und  eiirbon,  ho*  nil  the  (jnulities  of  a 
^elul.     Sulphiiret  of  iron  hn«  the  luMre,  opacity,  and  hat^- 
HUM  of  a  metal  i  and  sulpb;iret  of  ItaA  or  gttleiiu  has  nearly 
Ul  the  exteriiiil  properties  of  lead,  and  is  heavier  than  scv^ 
t>l  of  the  lavtalB.     Phnsi^hiiret  of  copper  hn<i  a  liigh  degree 
ttf  inctnlltc  lustre  and  liurdnees,  and  i«  aaseeptible  of  u  fine 
Witli  thece  fDcta,  there  i»  tio  difficulty  in  the  snp- 
|»»itioii>  thm,  from  the  combinalioti  of  bidrogen  with  melati, 
the   f^eneral    metallic  properties  may  not  tinderg*  DIDch 
<Chaii*^e.    Besides,  hidrugen  niuy  be  itself  a  metaT,  and  tbete  if  not  iacM  t 
■taay  bf  alloys.  '  '"'"*'■ 

■  If  these  conclusions  he  just,  it  follows,  that  the  metals  Metallic  bv« 
Which  urethe  buses  of  the  alkalis  are  still  untuiown  lo  us  in  "'  ih»illul>s 
their  pure  state.     The  same   conclusion   follows   perhaps  ("u""    "*" 
llith  re^rd  to  the  metallic  bases  of  the  earths.     Kor  is  it 
mposeible,  that  some  of  the   common  mitalK  may  contain 
kidragt^.     These  co^^clu^iolls,  it  must  only  be  remarked, 
jrounda  altogether   Hifferetit  from    l>ie  hypothesis 
Which  has  l>een  proposed,  that   hidro<;e(i  is  the  common  No  jiraoft, 

'  urinciiile,  and  have  no  connecliuu  with  it.     It  fs  '*'"  '"■'"'f"''' 
^k.         -  t  1  ■  ,  -  Hihefeniral 

■  conjecture  siipporfed  at  preseiu  Uy  no  species  of  proof.  mculUcprin- 
l  do  not  suppose,  that  liiili<>i;en  is  ejscntinl  to  the  consti*.  '"l"'*- 
totion  of  metals ;  but  merely,  iliat  ii»  common  with  other 
inAanimatjIes  it  is  capahli-  of  coitibiiiing  with  them ;  ntid 

Mfdint;  to  this  opinion  there  must  exist  in  the  allcxlinc 
BteiaU,  metallic  bnes  independent  of  liidrop^n. 

■  The  peculiarity  which  dititin<;iiisliegtheallc8liii,  regar^ii^  Solubility  in 
■thein  as  metallic  oxides,  iTid  which   iiAiIoubtedty  preseni's  """  "* '*" 

a  appnrent  anomaly — thrif  great  solnfiiiity  in  wat«r,   raifj  de,cd  U'm. 
be  owini;  jierhaps  to  the  attraction  wiiich  their  bai-es  have  to  '^et. 
Jltdro)(eu;  for  tlte  ulBnilin  of  u  substance  tu  a  compound, 
to  water  for  enample,  it  i»|>tobsble  according  to  BfrtholK-Cs 

»ie»a 
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views  of  affinity,  are  the  modified  afltnitipd  of  that  sub- 
stance  to  the  elemeots  of  the  compound*.  If  the  alkalioe 
metals  be  admitted  to  exert  an  iit traction  both  to  hidrogea 
and  oxigen,  but  more  energetic,  a<*  their  rhtMuical  relutions 
eyidently  show,  to  the  iuUir,  ii  ulll  follow,  that  the  more 
powerful  aflinity  will  first  be  rxerted,  or  the  metal  will 
combine  wiUi  u\i^en.  But  when  this  ib  diminished  iu  force 
by  the  approucii  to  miIii ration,  the  weaker  affinity,  that 
to  hidro^en,  will  lie  capable  of  being  exerted  with  equal 
effect— -the  atiructiou  therefore  of  the  oxidated  base  or 
alkali  will  now  be  exerted  both  to  oxii^en  and  hidrot^en,  iu 
Other  words  to  water,  with  wlueh  it  will  combine.  If  the 
bases  of  barytc'S,  btroiiiites,  and  lime,  be  procured  pure, 
they  may  bt*  expecttil  also  lo  contain  a  pottiun  of  hidrogen, 
though  perhupb  to  a  k^:^  extent  than  the  alkaline  metals,  as 
in  their  state  of  earths  they  are  less  soluiile  iu  water  thaa 
the  alkalis — indicaiiii^,  according;  to  tliis  \iew,  a  less  stroog 
attraction  exerted  to  hidro^en.  There  may  thus  be  a  seriet» 
through  the  other  eartii>,  to  the  (common  metallic   oxidet^ 


farther  ^nowin^  ti.at  the  cauM*  ^ivin^  ii>e  to  these  peculi* 
arities  is  the  same  as  thit  uhicli  is  tiii:  cause  of  the  equally 
strikii!;:  dii}erence>  bv  wnich  thcv  are  di.'>tin;;ui5hed  iu  their 
simple  ur  metallic  for<p.  1  ■•<  utii action  vi'  the  real  alkaliue 
metals  to  hidro}^e.)  gives  rise  to  their  combination  with  it, 
and  this  is  the  cause  of  the  levity,  and  probably  also  of  the 
fusibility  '.)!'  potas^i-.m  and  sodium — the  most  striking  pro« 
perties  by  w hlc  •  the.  are  di.stiugui9hed  from  the  common 
metal?;  and  ihe  sane  alHuity  to  hidroi;en  is  the  cause  of 
the  solubility  of  these  substances,  when  oxidated,  in  watert 
the  pro[>crty  by  which  the  alka'i>  and  alkaline  earths  are 
Separated  as  an  order  from  the  common  metall  c  oxides* 
If  this  view  be  correct,  it  will  al.^o  follow,  that  the  metaU 
loids  obtained  from  the  earths  contain! nt^  only  a  small  por« 

*  I  liavc  giTen  at  considerable  length  a  view  of  this  doctrine,  which 
•ftcirds  so  niii.y  refined  ex  lana.ion>  of  minuie  chemical  pheiio:nena,  in 
fi^  filij^t%  lo  my  ^>«iem  of  Chemibtry,  toI.  1^  p.  609. 

tion 
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lioa  of  hidrogea  will  be  of  iotermediatc  specific  j^vity 
betwetfu  the  alkaline  ineUlloids  and  the  commou  metals* 
and  that  the  earths  themselves  must  have  a  degree  of  sulubi* 
lity  in  water,  intermediate  between  the  alkalis  and  the  com* 
mon  metallic  oxides* 

lam,  with  much  respect. 

Yours  k.c. 

JEdhihurgk,  ^  W  F^b.  J.  MURRAY% 

1811. 
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Cheap  and  simple  Construction  of  an  Air  Pump.    In  •  fetter 

from  a  Correspondent. 

To  Mr.  NICHOLSON. 
SIR, 

S  you  were  so  gooti  as  to  publish  a  paper,  which  I  sent  Attciaptiio 


A 


to  you  bomu  months  ago,  on  a  ii>ethod  of  joining  lou{(  or  bent  cj^^'^cta 
tnetallir  tulcs,  &c.,  1  have  taken  the  liberty  of  troublinj^  you  pump* 
with  the  follnwinjj^  arcouiit  of  some  attempts,  which  1  have 
mude,  to  simplify  the  construction  of  the  air  pump.  Not 
being  willing  to  j^o  to  the  expense  of  one  of  the  best  air 
pumps,  and  ut  the  same  time  equally  unwilling  to  spoil  my 
experiments  by  a  bad  one;  no  other  alternative  remained, 
thon  either  to  improve  the  old  construction,  or  to  invent  a 
new  one.  iiow  far  this  attempt  muy  have  succeeded,  I 
must  leave  to  the  judgment  of  yourself,  and  of  your  readers* 

Tiie  followiuf^  plan  was  the  iirst  that  struck  me:  Let  Ut. coD«trnc 
A  B.  (PI.  VII,  tij,'.  I  and  <2),  represent  the  barrel  of  the^^"' 
pump ;  C  C  the  piston  rod,  which  is  to  be  made  solid,  either 
of  bras6  or  stee),  and  accurately  ground ;  and  D  the  piston^' 
ivhich  in  made  to  move  air  tight  in  the  barrel,  by  means  of 
leathers  as  usual.  The  rod  also  moves  in  a  collar  of  lea* 
thers,  a  a,  and  &  &,  is  a  cup  to  hold  oil — so  far  the  construc- 
tion is  the  same  as. in  Smeaton*s  air  pump.  The  alteration 
which  i  have  made  is  id  the  valves,  which  are  pf  solid  brass; 

Of 


tf  if  a  conicttl  braM  vaWe,  well  ground  into  the  top  ef  the 
berrel»  on  one  ibie  of  the  collar  of  leatheri,  and  kept  fron 
being  thrown  out  of  itt  place,  when  open,  by  a  pin  and  a 
small  semicircle  of  brass,  d  is  another  brass  valve,  only 
this  must  be  made  much  thinner  than  the  other,  that  it  may 
open  with  more  case  by  the  condensation  of  the  air  below  it. 
This  valve  has  a  long  wire,  //,  fixed  to  its  under  side ; 
which  wire,  when  the  valve  is  shut,  must  project  about  ^  of 
an  inch  below  the  piston,  e  e,  e  e,  are  two  cross  pieces,  har- 
ing  a  hole  drilled  through  the  middle  of  each,  through  which 
the  wire^paRses.  (One  of  these  is  represented  separate  at 
fig.  2,  PI*  VIII.)  When  the  valve  rf,  is  open,  it  is  prevented 
from  flying  out  of  its  place  by  a  small  button,  at  the  end  of 
the  wire^^.  g  gfg  g*  are  the  passoges  by  which  the  barrel 
eommaakatei  with  the  receiver.  Alter  the  valvea  are  fr* 
nished,  and  fixed  in  their  places,  th«  top  of  the  piston,  and 
the  undeiw^de  of  the  top  of  the  barrel^  are  to  be  ground 
accurately  to  each  other ;  so  that  when  the  piston  is  drawn 
to  the  top  of  the  barrel,  there  may  not  be  the  least  vacancy 
between  them.  The  action  of  this  pump  will  be  as  follows : 
Action  sf  lliit  AVhen  the  piston  is  moving  upwardn,  the  valve  d  will 
'"'"'*  shut  by  it»  own  weight,  and  by  the  condensation  of  the  m 

above  it,  which  having  no  other  exit,  will  necessarily  open 
the  valve  c  in  the  top  of  the  barrel ;  and  when  all  the  air  is 
expelled,  this  lust  valve  will  also  shut  by  its  own  weight; 
and  as  the  top  of  the  barrel  and  the  piston  are  ground  to  fit 
each  other,  it  is  evident,  that  the  whole  of  the  air^  above  the 
latter,  must  be  expelled.  When  the  piston  descends,  the 
valve  c  (tig.  2.)  will  still  continue  shut,  by  its  own  weight, 
and  now  also  by  the  pressure  of  the  atmosphere,  and  the 
valve  d  will  open,  by  the  condensation  of  the  air  below  it, 
and  in  the  receiver;  air  from  the  latter,  therefore,  will  rush 
through  the  passages  g^,  g  g,  into  the  upper  part  of  the 
barrel,  and  will  be  expelled  attain  when  the  piston  is  again 
drawn  upwards;  and  this  expulsion  of  a  fresh  barrel  full  of 
air,  every  time  the  piston  ascends,  will  continue,  till  the  air 
in  tlie  receiver  is  so  far  rarified,  as  not  to  be  able  to  lift  the 
metallic  valve  d.  It  is  now  that  the  use  of  the  ^neff  will 
be  manifest,  for  by  projecting  below  the  piston,  it  is  evident, 
that  it  must  reach  the  bottom  of  the  barrel,  sooner  than  the 

pistop 
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,|Att(ifl  Acta  nod  III  tli«  piston  eonliones  to  ilncrnd,  the 
jVfelvc  d  fil)  t;p«p«nwl,  t)  tbppre*«areorihe«rir»//again«i 
tt«bntU"ti  nf  the  ban* I,  and  the  Hir  in  llie  reccitnr  will  tTt- 
ifiVi'i  ^'vt'y  into  the  bntrel,  lhrgut;h  th*  piismgi'igj^,  g  g, 
^  raprcM-iited  ill  Gg.  3.  Thii  uir  will  mIm  be  esjielM  hy 
'be  n»cen'  ot"  the  piston ;  «nd  this  opcTatioti  mar  be  rppeaird 

K often  «•  IS  thuught  [ircrHwry.  A*  thr  vatvi.-it  wlII  not  be 
I'used  to  much  friciion.  tlier  niti  probably  kt-t)!  in  ordet  ■ 
Wip  lime;  and  if  the  pump  i»  well  made,  tbrrr  tceiBB  to  be 
D  intpeditaent  to  its  producin^u  ;icrltrct  exhaiifttion*.  But 
hatfrrr  care  tbe  ivoikincn  tns)  luke,  it  in  probable,  that 
Siiituie  quantity  of  uit  will  remain,  and  that  iu  u  Mate  of 
wsivletable  coitdensation  (imder  the  collar  of  Imhen) 
etwcMi  the  pii1on*rrHl,  and  llie  lop  ot  the  barrel ;  and  alM 

E:n'ei?ti  the  aides  of  the  barrel,  ami  the  upper  pnri  of  tlxr 
1(111 :  but  this  i^  a  fuullitowhich  ev(rry  pump,  I  believe,  if 
tile.  It  mny  niso  be  ohjt^ctcd,  that,  when  the  voWe  tin 
^l<^^ed,  by  the  pn-isurt  ot  th«  wire/j^,  against  the  boltom  nf 
lie  barret,  the  iiir,  by  rushing  cudtleiilj  out  of  the  receiver, 
>i!l  occatioo  oivilUtiou»  of  the  meruury  In  the  gHg« :  thetn 
kcitlatiom,  however,  must  be  very  trilling,  not  exeeedin>; 
\  of  nn  inch,  ns  the  valve  d  would  open,  were  the  presaurc 
oter  than  that  of  ■  of  an  inch  of  mervury.  All  thetc 
nperfeclions  however,  I  hope,  art  completely  obviated,  bjr 

e  foliuwiiij;  ton fcl»ut lion.— 
,  At  Gg%.  3  and  4.  A  B,  us  befars.  represent  the  barrel.  C  C  SJ  <^' 
la  piston-rod,   I>thepiiton:  a  a  the  collar  of  leathers  A  ft  ""'* 
le  cup  to  hold  oil,  e  the  «xpelliii<;  vulr«  of  bfuu,  dthe 
live  in  the  (fitton  of  bras*  also,  wid  gg,  gg  tbe  posiage* 

•  li  It  obtiau<l]r  impuraible,  ihil  the  whole  of  iIir  lir  In  iho  itceiiet 

iltoiild  be  tUcm  out  in  tlii*  mny,  ra  »  to  Ibm  »  pr^ful  (.'r.biiiition,  {>rc- 

i^ol  •»  •draii  Ih«  ttorlEimiubii)  orriM  lo  the  blKhv't  drsrce  v[  accu- 

,  to  II  not  ut  hii*c  ilia  ilighteii  iRi|>crf«ciloii.    SupjioM  itl«  bunl 

teceiiei  to  be  of  equal  cir*cine>     Thcfini  linieihe  |ii>ion  udn«n 

ff,  the  air  iii  ihe  receiver  will  expand  lo  double  its  faimi^r  loluaw.  ot 

Wot  tikU  ihed«nMly   ii  wu  before.    After  ilic  •ecoti'l  tiiohe  of  tbe 

fblan,  it  trill  In  iheMinc  ninaer  be  of  half  die  dcmlij  ii  wif  «fict 

fint.     Aiul  <hu>  the  laieficiioa  will  fo  on  in  ■  •rilct  dntetiing  in 

MOnetrickl  ttiogrmiun,  which  cm  ntrfer  teach  C,  At  ihe  Uti  term  muii 

ke  tMlf  ihr  Tiiue  of  thit  |»i:cedia|.    C. 
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by  which  the  barrt)  communicates  with  the  receiver.  This 
l»aii>i>  diiferif  from  the  former  in  the  foUowiii<jr  particulur»: 
firsr,  in  commiinicaitnf^  with  the  recriver  through  the  iop 
of  the  barrel :  sccondlvf  in  having  the  vulvo,  in  Uie  p'tston, 
fastened  to  the  end  of  the  piston-rod:  and  thirdly,  in  the 
bottom  of  the  piston  bein<^  convex,  and  th«.*  bottom  of  the 
biirrel  concave.  After  the  valve  c  and  d  are  finished,  and 
6xf;d  in  thrir  places;  the  convex  and  concave  surfaces  of 
the  piston  ouvi  of  the  barrel  are  to  be  well  Sited  by  grind- 
iiij"";  Mthar,  when  th<?y  meet,  all  air  may  be  excluded  from 
between  them.  TIjo  reason  for  making  the  bottom  of  the 
pia-ton  convex,  is,  that  the  air  may  be  prevented  from  lodg- 
inj»  between  the  piston,  and  the  sides  of  the  barrel;  as  the 
leathers,  by  thi.s  construction,  will  reach  the  bottom  of  the 
barrel ;  for  the  bottom  of  the  piston  being  convex,  it  will 
have  noassi^able  thickness  where  it  comes  into  contact  with 
the  sides  of  the  barrel ;  as  is  shown  at  k  (:,  PI.  VIII,  fig.  3, 
the  dark  part  representing  the  leathers.  This  pump  will 
work  as  follows. — 
-       Ion  Whrn  the  piston-rod  (fig.  3)  is  pushed  down,  thevalred 

will  shut  by  tlie  pressure ;  and  the  air  below  it,  having  no 
other  exit,  will  be  forced  out  at  the  valve  c,  which  will  shut, 
by  the  reaction  of  the  brai«s  »>pring  //,  as  soon  as  all  the  air 
U  expelled;  anil  when  the  piston  is  a;;ain  drann  upwards, 
it  will  continue  shut,  for  the  saini*  reusoii,  und  uUo  bv  the 
pressure  of  the  atmosphere.— As  the  valvr  d  is  tixcd  to  the 
end  of  tlio  pifiton-rod,  it  will  be  impossible  to  draw  up  the 
piston,  without  first  opening  this  v:;lve;  and  by  this  means 
establishing  a  communication  with  the  receiver,  as  repre* 
sented  fiu:*  4,  by  the  same  means  al«o,  the  oscillations  of  the 
Uieicury  in  the  gage  will  be  prt.vented  :  during  the  ascent 
oF  the  piston,  therefore,  the  «ir  will  pa»s  freely,  through  the 
patssiges  ^ /f ,  g f^^  into  the  lower  part  of  the  barrel;  and 
whvn  the  piston  is  again  prrssed  downwrirds,  the  first  effect 
of  the  force  applied  will  be  tn  shut  ihe  valve  e/,  and  the  air 
b'^lcv;  it  will  be  expelled  at  C  as  before. 

1  Iv-we  had  a  pump  made  of  this  latter  constru€*tion,  and 
find  it  to  rinswf  r  my  expectations,  in  every  respect,  as  far 
as  tVu!  win  rip!  *«  is  concerned;  but  I  have  never  been  able, 
#nt:r«:ly   to   prevent  the  diit'.rent  junctures  of  the  pump 

(which 
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(wliichvrereseciiied  with  otttil  leather*,  in  the  usual  nwi^lT 
iier,)  rrttai  Iruking:  but,  iivcn  witli  thii  iiii[>Grfe(.-ti(M,  ih* 
laercurjr  hua  frequeutly  ilevceiidcd,  iu  thi;  ki^ibon-giige, 
to  wilhiu  in,  and  once  or  twice  to  ^V  of  hh  iucb  of 
the  level.  I  hiive  ihoughl  or  a  pUu  of  obviittlni;  thii 
im perfection,  [Co  whirh,  bj  the  by,  evcfy  pumji  is  more 
or  let^a  liablt)  and  shull  bf  happy  io  eomniunicitUng  it  to 
you,  if  it  onsweis  my  exptctutiocis.  There  ih  oneobjcclioiii 
which  may  be  made  to  this  pump;  uniJ  that  it,  tbnt  ihn 
folie  d  "ill  be  exposed  to  considerable  friction.  This  vamy 
be  obviated,  in  ■om<^  de^r«e,  however,  hy  intiking  it  of  iron) 
or  Btcel,  vhieli  is  known  to  wear  t'ery  little  in  bruKo;  sTid 
■till  fHTiher,  by  tixing  K  loosely  to  lite  end  of  iIk  rod,  iu  the 
mme  mnnoer  sa  the  volvea  ar«  fixed  to  the  kvyt  in  Potter'i 
pitleut  flute* ;  or  it  may  be  entirely  removed,  at  the  expmM 
of  «  trifling  inaccuracy  in  the  piiiup  :  nt  follows.  Ct  (PI. 
Vlil,  fig- 3.)  is  the  piston-md,  D  the  piston,  undm  a  br«^i 
pixte,  fixed  to  the  end  of  the  rod,  insteud  of  the  vhIvc  li:  to 
thii  plate  s  piece  of  leatlicr  is  screwed,  wliicli  is  shaded 
dnrker  in  the  tii^nre:  this  leather,  when  the  rod  is  pushed 
down,  enters  th«  hole  g  g,  and  prevents  the  return  of  ihu 
■ir  into  the  upper  part  of  the  barrel.  The  hole  muy  be 
made  so  smull,  u^  not  to  contain,  in  a  barrel  of  10  inr^cH  ci- 
pacity,  more  thnn  -noooi  of  the  air,  iudcpcudint  of  the  si» 
of  the  receiver.  I  huve  had  a  pump  conoirncti'd  with  s  / 
valve  of  this  description;  and  find  itto  ^mswer  |ierl'c(-tly  ivull. 
It  may  be  farther  improved^  by  lining  n  small  wire,  or 
valve,  to  the  bruxs  piece,  [u«  is  shown  by  the  doltfd  lines) 
which  will  fiU  the  hole  g  g,  when  tho  pision  is  pressed 
dowuwvrds  ;  only  care  mu&t  be  taken,  thut  it  do  nut  pniject 
so  far,  us  to  open  the  valve  c  in  the  bottom  of  the  barrel. 

The  price  of  a  sinKlc-lmrrelli'd  pump,  of  tins  duscrijilion, 
(as  represented,  PI.  VUl,  tig.  1,]  made  by  Messrs.  Dollond, 
will  not  exceed  10  ^'uruens.  !'.  may  alio  be  made  with  two 
barrels.  It  is  evideol,  that  iliis  pump  will  also  act  us  « 
•ondonser.  with  a  very  little  uddilionul  appHr.itut;  which* 
ill  not  diOer  from  that  usually  «mployed,  it  i«  unue- 
cessary  to  describe.  I  must  bcjt  leuve  to  add,  ihtit  the 
juaclure.  I  formerly  recommended,  for  bent  tubea*,  vill  be 
•  Sec  T«l.  XXV^.  tU. 
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th«  next  and  last  step  ii  the  tearing  off  the  limb»  exactly* 
as  nature  does  it.  Perhaps  no  appearance  shows  the  foriDa<« 
tion  of  trees  and  shrubs,  and  explains  their  constmction  so 
well,  as  this  way  of  examinin<^  them;  it  often  points  out 
the  line  of  life  drawn  after  the  bud;  shows  many  a  bod 
creeping  through  its  undulating  prison;  and  abo\*e  all  ex* 
empliBes  that  curious  construction*  which  I  shall  soon  ex- 
plain by  the  name  of  the  minor  obstruction.  These  studies, 
with  n  vej^etahle  cutting  taken  from  two  or  three  different 
parts  of  the  plant  under  investigation,  formed  the  specimens 
from  which  1  proposed  judging  of  tlie  interior  of  plants. 
*  I  have  already  drawn  86  trees,  and  123  shrubi,  in  this  wan* 
ner :  but  it  is  only  the  renewal  of  former  labours,  though 
the  last  four  months  have  more  particularly  been  dedicated 
to  it.  If  I  wi sherd  to  recommend  to  my  sex  a  complete 
cnre  for  the  vupoiirsp  I  could  not  offer  thein  a  better  than 
that,  which,  liaving  employed  roe  13  hours  out  of  the  <24i 
never  gave  me  a  moment's  weariness.  How,  indeed,  is  it 
possible  to  be  tired  of  contemplating  such  wouders,  and 
discovering  such  miracles !  Enthusiasm  here  is  the  nata« 
ral  contiequence  of  seeing. 

The  first  thing  necessary  to  the  explanation  of  the  dis« 
seotion  of  the  exterior  of  the  btcm  of  trees,  shrubs,  and 
The  line  of      smuller  plunts,  i«,  that  I  should  ascertain  the  existence  of 
**•  that  important  part,   the  line  of  life;  which  has  by  some 

means  misled  the  observation  of  most  phy&io1o(;ist8.  Du 
Hai»:cl  iiiilfed  (thut  excellent  writer)  ohnervcd,  that  all  buds 
pioii'cdcil  from  it,  and  recommends  it  to  the  attention  of 
future  botanist;..  Linuseus  (whose  every  hint  is  a  trait  of 
genius  and  Kcienre)  findini;  that  all  buds,  and  all  radicles, 
proceede<1  from  this  nart,  and  not  seeing  the  line  of  life, 
snppohed  it  was  from  tlu^  ])ith  they  came;  for  the  line  of 
life  is  only  to  be  distiniruishcil  by  a  pretty  strong  magnifier; 
bnt  it  is  very  easy  to  be  dibcovet  ed  in  all  common  vegetable 
cuttings,  and  still  more  euhily  traced  from  thut  line,  which 
all  philosophers  have  ap^reed  to  own  of  the  Brst  consequence 
in  the  plant,  and  which  they  call  the  impregnating  ve^seU; 
but  which  is  the  identical  line  of  life,  wiiirh  I  have  repeat* 
edly  taken  out  without  breaking  from  the  stem  to  the  seed, 
and  from  the  embryo  back  uguin  to  the  stem,     its  identit5 

will 
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■ill  not  therrfure  niloiit  of  a  doubt;  though  I  roust  my  it 
vould  liave  sppcBrtd  to  me  a  greater  iDirmcle,  tliut  m)  im- 
y^rtnnt  u  part  shoiilil  do  lis  Dlfic«  eud  iheti  dituppear,  than 
.  it  iiliDuli)  continue  itt  CDnsequcuce  tliritu^hout  the 
,lilial«  lift!  ortlie  plunl.  B«eide«i  nhut  would  Iwcuine  of  ibe  '<  ■* 
buds  fi>rniM)  in  the  tree>  ?  It  is  u  fuel  melly  aBc«ruin«l,  ^i^, 
Uint  nu  pari  can  ^\xr  life  williout  beiu^  vinittrd  by  thiti  ltD« ;  "t^ 
Bcither  leaf  nor  leaf-b  id,  no  pan  of  the  root,  do  part  of  the 
■t«Ri,  but  .wlwre  thin  identical  vessel  is  found  :  it  runs  vp 
Mcb  bud  la  prepare  il,  ui  it  does  in  the  seedi,  and  the  bud 
rbecomcs  capable  of  givinj;  life  ;  because  it  vomniunitates  the 
iMtmc  Btriog.  Is  it  not  proved,  when  a  leaf-Jjiid  by  KD  igno> 
Wtnx  ^rdener  has  bet-ii  ajistaken  for  a  flower-bitd  in  bad- 
(ding?  Du  Hamel  in  vain  endeavoured  to  maketliein  grow  ; 
ibe  bestowed  ihe  greatest  cure,  but  without  effect;  it  was 
impobsible,  for  ihey  would  not  cement,  not  having  that  ItlK, 
^srhich  first  joins  them  toiji'ther.  Not  so  the  radicle;  poi- 
[Kwiing  ilmt  line,  which  rum  through  it,  if  well  managed, 
4t  will  Ki'ow  with  eame.  Thn>e  large  buds  also,  which  itie 
U«ots  uf  various  plimts  throu  up  in  Ihe  spriiif;,  such  as  the 
ly,  itr.,  if  the  root  did  nut  send  up  the  line  of  life,  how 
Would  they  continue  tlitir  progreEs  ?  like  an  excresceuca 
itlicy  would  decay  and  monlder  away  without  bringing  forth 
«Lud*.  ToGs  ilieubsolutecerlaiuty  oflhii.ieurihe  utmost 
fOttnsetiuence  to  iMlniiy,  particularly  to  phyaiulogy  ;  1  aliall 
Uhcrefore  collect  all  the  leasons,  which  acted  oo  my  awn 
||>i'lief,  and  pemuudt^  me  of  this  truth:  *'u.  that  ihe  lines 
frhich  run  between  the  pith  and  the  wood  are  really  the 
lines  of  life,  without  uhich  the  vegetable  cannot  ext<I> 
;  1st.  It  is  the  line  from  which  all  bud^  nhutcvrr  take  tbeir  P.oui 
iae.  «d- It  is  the  line  from  which  all  radicles  shoot.  3d.'''"' 
t  is  that  hue,  which  in  graniu^^  and  buddiug  is  first  seen  to 
Din.  If  the  tftafnuiwe'i,  thii  line  turns  black,  and  then  do 
Mwer  can  suve  the  plont.  4lh.  If  in  buddiotf  it  has  not 
»wer  or  streu^ih  sufficient  to  Join  the  iicw  bud  to  the  tree, 
«t  dieo,  and  tiie  wood  miikes  no  more  efibrls  to  unite.  Sib. 
lX\'henin  a  frosty  mormng  the  atiricota  and  peachet  are  hurt, 
ftiid  yon  wish  to  know  whether  they  will  recover;  •pen  i  tmm 
'^uH'ers,  and  if  the  Hue  of  life  is  bUck,  though  tbe  rest  of  ih« 
ipnsid  itiay  lit-  perfectly  free  from  the  taiui,  despair  of  the 
Vol.  XXVllU— .^PuiL,  lail.  S  sreatatt 
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greatest  part  of  your  fruit:  it  never  recoTera  after  tlkis» 
though  the  female  may  be  some  time  before  it  decays*  6th. 
The  flower  bud  will  inoculate,  but  not  the  leaf  bud*  7tli* 
The  line  of  life  is  never  found  in  any  leaf,  but  those  which 
flower  in  the  leaf ;  but  here  it  is  easily  detected,  meander- 
ing as  in  a  flower  stem.  8th.  Take  tliis  line  out  of  the  bad 
when  going  to  inoculate ;  it  is  not  a  quarter  of  the  bud,  bot 
the  bud  grows  not  after  such  a  dilapidation.-^ (It  is  the 
same  line  I  took  out  of  the  bean.) — Every  other  pi^  of  tbe 
bud  will  renew  itself,  though  badly ;  but  this  deprivation  is 
sure  tokill  diri*ctly»  while  in  so  young  a  state.  It  is  this  line 
in  potatoes,  that  enables  the  gardener  to  cut  them  into  in- 
numerable pieces,  provided  an  eye  ih  there,  they  will  grow : 
What  is  an  eye  ?  a  little  knot  of  this  string,  which  may  be 
seen  running  from  part  to  part.  It  is  the  same  in  all  parting  v 
roots':  in  vain  you  would  endeavour  to  make  any  other  part 
groW|  as  I  have  often  tried,  but  the  smallest  knot  has  tbe 
Irflfect.  So  important  is  this  line  to  every  plant,  that  it  is 
this  which  regulates  the  form  of  its  colour,  it  is  this,  which, 
confining  the  pith,  gives  shape  to  the  silver  grain,  or  yearly 
circles;  if  this  (as  in  the  uerium  oleander,  or  zelamicnm,) 
runs  into  an  irregular  form,  so  also  docs  the  yearly  shoot; 
but  if  in  a  regular  manner  it  bhapes  its  course,  as  in  the  dog- 
wood, or  still  more  exactly  in  the  ephedra  disticha,  then  that 
part  of  the  plant  follows  its  example  with  the  most  scrapn- 
lous  nicety.  The  line  of  life  generally  consists  of  two  or 
three  rows  of  circular  vessels,  often  very  diflercntly  coloured 
from  the  rest  of  the  plant,  and  generally  yellow  or  a  faint 
green  in  the  spring.  It  has  a  very  peculiar  juice,  which  is 
,  thick  and  sweet,  but  often  very  bitter  also ;  and  quite  dif- 

ferent from  the  juices  of  any  other  part  of  the  tree;  and  it 
beromes  sweeter  as  it  advances  to  the  flower-branch,  till  it 
is  found  almost  honey.  In  the  cryptogamiee  and  in  grasses 
it  is  extremely  conspicuous,  as  having  (especially  in  the 
former)  fewer  lines  to  confuse  the  learner.  What  more  can 
be  said  to  prove  its  importance,  except  what  relates  to  the 
bud  ?  and  to  that  I  shall  leave  it ;  and  turn  to  my  next  sub- 
ject, mentioning  that  I  include  not  in  the  present  either 
water-plants,  hulbous-roots,  cryptogamise,  or  grasses* 
Ok9tructiona        There  are  ihxee  difterent  sorts  of  obstructions  in  all  plants^ 
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The  Ut  1  shall  call  tlie  grand  obstructioD,  to  dittinguUh  iL  inplanti. 
It  lakes  ptnte  only  in  two  p«rts  of  th*  plant;  th«l  which  '"  B"'"^  °^ 
tepaiutea  the  root  from  the  Mem  ;  und  that  which  divides  the  s,rp»rjiiii|(. 

1  from  the  peduncle  or  flower  stalk,  lu  both  canes  the  'j''  """  '""" 
lt}vAv  order  and  nrrangemeiji  of  the  stem  is  so  altered,  thut 
^  pttjiil,  uccustomed  to  tiiid  nix  purls  in  regular  grudaiion  in 
jtf  form,  finds  only  three  in  the  root  of  all  the  trees  und 
ilhruhs.  Ill  the  stem  there  are  the  rind,  the  bark,  the  inner 
,hirk,  the  wood,  the  tine  of  life,  and  the  pith :  but  in  th<-  raiR 
nly,  the  rind,  the  wood,  aad  the  line  of  life.  In  lumetier- 
biireoit«pUiits,andannuul»,  a  rowof  barlcia  found  nndaomc 
|ljth:  this  dlfffrciice  of  tilt-  mot  doe»  not  take  ptuce  imrue- 
^tulely.  but  by  j^raduiil  ilicren*^  uf  rows,  within  the  iompBSB  ' 
_.  J  imh  aboje  gvoiuid  ;  lor  they  are  the  parts  which  have 
brmed  the  seminal  leaves,  and  the  outwnrd  I'.tse  of  the 
nbryo,  thut  now  grow  up  increasing  in  the  bark  mid  inner 
^rki  till  tliey  arrive  at  tht  propt-r  form  of  the  item;  ivbil* 
the  wood  of  the  root  dccrcuies  in  like  |>ro)iortiin:  for  th« 
finbryo  growint;  up  in  no  wi*e  alters  the  n-uiitioi)  of  ila 
.  Thut  outward  ci>*t,  wh'ch  formed  the  holder*  to  the 
•red,  and  the  cotyledous.  sguui,  nh^n  out  of  the  seed, 
^riiis  the  bark  and  inner  bark  of  the  '.tetn,  returning  to  the 
lart  frou)  which  it  cainei  so  Ihm  nnthn)"  can  equal  the 
mulifuliimplicity  ut'  niiliire's  designs,  if  ive  did  not  our- 
j^rn  load  them  with  difficulties.  The  root  ii  certainly  a 
^^^-Mervotr  for  nourishment,  which  the  radicles  brini;  in  qnan« 
Ilea,  which  is  coiituined  in  the  wood,  and  which  itdiapeniea 
I  the  tree  by  tiie  means  of  the  stem.  The  radicle  is 
formed  of  the  Kaine  parts  as  the  root,  having  the  line  of  life 
in  the  middle,  ready  to  diiipen>^e  to  any  minor  rndii'le. 

The  ne»t  crand  obstruction  is  thut  of  the  peduncle  ]  sd,  (Knd  ol)* 
dividinb;the  flower  ate  in  fioni  the  hrancii.     Linnaeus  a  lome  »'"■"*"  "'''■ 
hinted  at  tbiii;  and  «o  plain  it  it  to  be  aeen,  thut  to  look  is  n, 
to   he  eonvinccd.      Cut  a  slice  from  both,  and  compare  ^' 
tliem;  and  their  arrtinKcmenis  will  be  found  wholly  difTera 
eiit.     On  examinin>;  tlie  wood,  it  will  appear  to  divide  into 
vario'ik  little  (uireelB,  anawerinif  lo  the  number  of  stamens 
the  flow4T  Gontuina;  while  the  inner  bark  separates  into  the 
fluiulier  of  petals;  aud  the  line  of  life,  Hxiag  in  the  middle. 
gcDcraUy  denote*  the  figuie  and  division*  of  the  ptrieurfr. 
Si  I  hava 
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I  have  seldom  seen  this  vary ;    nay,  even   in   compeuod 
flowers  of  the  syngeiiebian  order,  where  the  divisious  are  so 
often  repealed,  and  the  compartments  of  each  perfect  flower 
so  very  minute,  the  pin-holes  of  the  stamen  surround   the 
lari^er  apertures  of  the  pistil,  aijd,  accompanied  by  the 
vesbels  appropriated  to  each  petal,  are  as  exact  and  as  ex- 
actly delineated  as  below  the  largest  flower,  a  campanula, 
or  a  lilly*     Let  any  person  see  a  vegetable  cutting  of  the 
peduncle  of  a  syngenesian  superfluu  in  a  solar  microscope^ 
and  he  will  have  no  doubts.     This  is  made  still  plainer  by 
the  bursting  of  the  vessels  of  a  double  flower,  and  the  con« 
fuvion  that  ensues,  one  part  growing  for  another,  one  on 
pother ;  son^etimes  the  wood  esca^jes  burbting,  and  then 
the  males  are  pirfect ;  sometimes  the  line  of  life  does  its 
office  till  it  p'as;ies  a  second  time  into  the  perirarp,   in  the 
way  to  the  set-ds,  and  then  fails ;  and  in  this  case  all  is  per- 
fect but  the  seeds,  which  do  not  vegetate.     In  my  opinion, 
it  would  be  a  much  i^reater  wonder  to  suppose  such  different 
parts  to  be  formed  of  the  bame  matter,  than  to  conceive  that 
each  had  its  appropriate  juices.     But  I  mean  not  this  as  an 
argument.     I  never  allow  myself  to  reason  in  this  manner. 
I  rely  on  experiment,  ohservution,  ;ind  dissection  only,  and 
I  may  say,  without  vanity,  on  a  labour,  few  would  submit 
to;  and  none  can  appreciate  but  those  who  know  me. 
Middle  ob.  Having  described  the  grand  oi)btruction,  I  shall  now  show 

siruciion.  the  raiddh*  one*  This  is  formed  by  die  stoppage  of  the  pith. 
thclliih*  ^  "^^*^  l^*^^^  '**  most  properly  esteemed  a  source  nf  moisture  to 
the  tree ;  but  when  I  come  to  show  the  manner  of  passing 
of  the  buds.  I  sliull  prove  a  still  more  direct  use  for  iti 
moibtnre.  The  pith  stops  in  aU  trees  at  every  new  branch, 
forming  a  piece  of  wood,  wliich  generally  fills  up  nearly 
half  an  inch,  apparently  to  give  the  plant,  by  a  *x*'^at  acces* 
sion,  strength  suflicient  to  invi(;orate  and  produce  healthy 
branchj^.  The  pith  therefore  recoils,  not  only  in  the  new 
bud,  but  in  the  main  stem  hUo.  But  in  smaller  plants  the 
new  shoot  alone  generates  new  wood,  which  appears  an  ac- 
cession sufficient  fn.*  such  hlendcr  twigs  ;  where  the  pith  oc- 
cupies so  iar^^-  a  portion  of  the  plant:  and  in  some  annuals 
and  herbaceous  plants  the  pith  stops  not  at  all,  but  is  coii« 
tentibd  with  drawing  the  Hue  of  the  corners  of  the  wood 

closer ; 
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closer,  BOmetimes  pddiof^  a  9nian  piece  to  the  intenor^'for 
the  purpose  of  coDr cting  nouri»hriient.  There  if,  howevefy 
a  sort  of  hollofv    pUut,  which  foriii!i  a  complete  stoppage ;  '^ 

but  it  generally  ^rows  in  wet  ^onnd;  and  will  he  noticed 
wit;i  wuter  r!&ntB,  in  another  letter.  These  Yarions  differ- 
ences very  exactly  i emulate  many  importaut  points  belongs 
ing  to  the  construction  of  the  iDterior  of  the  btem^  viz.  the 
quantity  of  new  formed  wood ;  the  situation,  uiaiiner  of 
passing,  and  regulation  of  the  buds ;  and  particularly  the 
formation  of  the  minor  obsiiactiooy  which  1  shall  now 
•X  plain. 

Thin  last  seems  more  particularly  to  belong  to  those  plants  Minor  ob- 
which,  without  stopping  the  pith,  a  little  imptde  its  progress;  *<fu<'t)on. 
and  the  curious  construction  of  which  is  such,  that,  had  1  utoppage  of 
not  already  shown  it  in  the  French  bean,  1  should  have  de«  ^  P^^* 
ferrtd  mentiouiug  it  here,  till  better  able  to  comprehend  its 
structure.  I  have  found  the  marks  which  indicate  the  aper- 
ture in  the  largest  trees.  In  the  Weymouth  pine,  and  in 
the  silver  tir,  it  seldom  fails  to  give  proofs  of  its  excentri* 
city,  even  at  the  exterior  of  the  tree  ;  but  I  never  saw  the 
ball,  except  in  those  which  are  running  plants,  or  at  least 
shaped  like  them ;  that  is,  that  have  the  large  shooting 
branches  made  like  the  shoulder  of  a  man,  with  a  ball  and 
socket^.  I  at  first  conceived,  that  in  these  small  plants  the 
branches  were  to  turn  on  the  ball ;  but  I  have  found  manjT 
specimens,  where  the  limb  was  too  firmly  fix'd  for  this  pur- 
pose. I  then  conceived  it  the  foundation  for  tendrils;  but  I 
have  found  it  where  no  tendrils  are  :  besides,  it  is  too  dimi- 
nutive* Not  able  to  dedicate  more  than  one  figure  to  thif 
service,  I  must  delay  many  extraordinary  proofs  of  its  ex- 
istence; and  many  curious  peculiarities  of  its  structure,  on 
account  of  the  buds,  which  demand  all  the  sketches  I  can 
renture  to  give.  1  shall  only  say  therefore,  that  it  is  fixed  in 
the  under  part  of  the  branch,  where  no  bud  ever  comet,  but 
is  defended  with  the  greatest  care.-^(See  PI.  IX,  fig.  ].)  f 

*  I  underetaad  that  I  have  been  thoujfht  to  eomniit  myself  in  comparini^ 
a  part  of  the  teed  to  the  breoht  of  a  bitch,,  havinic  4i«appreved  •f  aninal 
compa:ison<t ;  but  it  was  a  long  analogy  1  found  fault  with,  not  a  Umpla  ' 

likeness  in  forro  ,  and  surely  there  is  a  great  difference  between  such  a 
one,  and  an  analogy  reaching  to  perspiration,  circulation,  and  even  per- 
ception 

•{'  This,  with  tome  other  figures  belonging  to  the  present  paper,  is  ol>« 
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Tri  my  next,  the  reader  shall  know  as  much  as  I  am  ac- 
qnainted  with,  and  that  is  but  little. 

In  all  trees  and  shrubs,  one  row  of  new  wood  is  formed 
each  year;  but  th*s  is  not  all,  *-ome  new  wood  is  y/'x^y*  ge- 
nerated to  RCcomf>aiiy  each  bi?H.  Small  plants,  b.owever, 
the  pith  of  which  is  littie,  If  at  all  separated;  and  where  the 
line  of  lifie  runs  from  the  middle  of  the  pith  in  various  vessels 
to  the  exterior,  all  form  two,  if  not  three  rows  of  wood  each 
year.  Cabbage,  and  its  oifaprini^,  also  turnips,  carrots,  &c*9 
show  one  for  every  time  of  flowering,  whether  dilapi.lation 
takes  place  in  the  part  above,  as  in  the  cahba>^e  mid  can  It- 
flower,  &c.,  or  not.  The  same  accesu^ion  of  new  wood  takes 
*  place  in  the  root  albo.  There  are  many  very  extraordinary 
points  of  construction  in  these  small  plants;  such  as  the 
bastard  vessels  running  often  through  the  pith,  and  across 
to  the  wood  ut  the  other  side ;  and  innumerable  other  things* 
which,  belongini^  rather  to  peculiar  plants,  than  to  nature 
in  general,  I  sliall  then'fore  leave  to  the  next  letter,  and  turn 
to  my  last  and  chief  subject. 

Oil  this  subject,  it  is  quite  astoniBhing  to  me  that  any  one 
should  i^iflfer,  since  the  evidence  is  so  exact  and  plain,     if 
yfe  look  at  the  floor  of  a  room,  a  piece  ofwood,atree,  &r.,  they 
should  all  together  or  separately  teach  us,  that  the  greatest  part 
of  the  buds  must  pass  throu;rh  the  wood ;  since  there  is  do 
wood  that  is  not  marked  with  them  to  the  edge  of  the  pith, 
thHt  is  to  the  line  of  life.     In  one  of  my   former  letters,  I 
gave  a  long  account  of  the  formation  of  the  leaf-bud,   men- 
tioning how  much  it  diflered  from   the  flower,  or  leaf  and 
flower-buds.     Formed  almost  wholly  of  the  bark  and  inner 
bark,  and  placed  there,  it  is  th^  lengthening  of  the  threads 
of  the  bark,  which  weave  the  leaves;  and  all  the  time  they 
arfe  forming,  the  bud  remains  stationary  ;  nor  do  they  draw 
any  af-sistance  from  within,  except  a  little  wood  in  the  shape 
of  nourishing  vessels,  which  surrounds  the  spiral  wire.     But 
very  ditferent  is  the  formation  of  the  flower-bud.     Botanists 
have  perceived  this  diflerence,  and  yet  appear  to  derive  them 
both  from  the  same  source.     Most  physiologists  have  con- 
sidered the  bud  as  proceeding  from  that  row  of  new   wood, 

bligcd  f  be  deferred  to  the  supplement,  which  will  be  pubtijhcd  the  Isc 
of  next  month. 

which 
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whicli  is  formed  euch  year  next  the  hark.     If  so,  how  conneM 
the  bud  into  the  further  pnrt  ofthe  wood?     The  d«atia«Iion 
of  the  bud  U  to  spring  wiihout ;  and  to  this  part  it  will  of 
courw  proceed  by  the  (.iioiteat  road,  ho  that,  H  it  be^an  at 
the  albumtii,  it  would  eoon  attniii  ila  situation.     But  the 
flower  bud,  uiid  Icuf  and  Buiver  bud,  are  really  foraied  on 
the  line  of  lifi!.     When  a  bud  \h  going  to  <sIiout,  the  Une  of 
life  forms  a  kaol,  aud  a  quantity  of  albumen  \t  dtreutly  ge- 
nerated round  it ;  und  tiie  knot  covered  by  a  smle.     While 
thii  is  doiii^i  (he  woud  is  preparing  for  itb  recejition.    Some 
parceli  of  the  old  wood,  sinkiiig  before  it,  form  a  bed  ;  and 
othera,  rtHing  above  it,  prepure  u  sort  of  arch  over  it,  io  the 
*  middle  of  which  It  paues,  as  in  a  vaulted  cave  vithoul  hio- 
drance,  or  preisure.    I  have  followed  hundreds  with  a  eWp 
Icnife  ;  and  if  this  i§  done  without  injuring  the  noder  part, 
it  will  be  perceived  to  shine  beluw  where  the  hud  is  la  go, 
osif  vurniihed.     Probably  llie  line  of  life  brings  with  it  u 
softening  liqnid  for  thia  purpoee ;  and  this  line  is  placed 
next  the  pith,  that  the  lulter  wight  atlurd  the  bud  plenty  of 
moisture  to  support  undinvigorole  it  in  its  first  shooting,  and 
,  during  its  journej'  to  the  exterior  of  (he  tree.     Besides,  I 
should  suppose    that  moisture  would  much  contribute  to 
bending  the  vessels  of  the  wood  into  the  shape  required  ; 
basket- makers  moilten  continually  their  twigp,  to  bring  them 
to  the  necessary  form  :  and  nature  in  thi^  respect  acts  as  the 
^fiasket- maker.     The  best  sort  of  wood  for  seeing  the  pro- 
egress  of  the    bud   is  a  poUurd,   cut  for  the  second  time,  Bmi  tem 
and  then    uken    off    about  February.     The   buds  then  P""»'^- 
are  springing  from  the  line  of  life  in  numbers.     I  have  a 
beautiful  specimen  of  a  willow,  where,  from    ihe  quantity 
of  buds  egressinj:;,  the  wood  forms  u  complete  scollop  the 
whole  way.  (See  PI.  IX,  tig,  2.)  It  i*  probable,  that  these  may 
'  be  the  buds  of  the  summer ;  though  I  have  many  reasona  to 
believe  that  a  bud  is  not  near  so  long  growing  as  is  ge[ie> 
rally  supposed.     When  the  bud  hus  arrived  at  iudestina- 
tion  in  the  bark,  it  stops  ;  the  lenf  und  flower  bud  to  form 
I  its  learesi  which  it  does  before  the  flowers ;  and  both  to  gain 
thoie  scales  and  clothing,  that  enable  them  to  bear  the  aut- 
nard  air  ;  and,  if  the  air  i*  not  mild  enou)th,  they  remain 
<  till  it  ia  fit.  Every  acccMioa  of  wood  ft  the  citcrior,  forma  • 
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tort  of  cradle  for  bnds,  where  often  two  or  three  are  foan^ 
restingi  and  completing  their  scales,  and  iiting  themselves . 
for  their  entrance  into  the  world.  It  is  thi»  situation,  that  \ 
has  been  taken  for  their  birth ;  but  it  is  only  their  pla)^e  of 
repose  after  their  long  journey.  In  young  wood  there  Is  so 
much  pilh,  that  they  have  but  little  wHy  to  travel ;  but  id 
old  wood  it  is  very  curious  to  belsold  the  length  of  way 
through  which  they  will  go,  the  wood-vessels  arranging 
themselves  in  the  most  exact  order,  to  let  theui  \mtm.  In  the 
yew,  where  there  are  so  many  buds,  they  will  coiitiiiuaUy 
derange  even  the  yearly  or  silver  grain,  and  oblige  this  aUo 
to  prepare  them  a  proper  und  hollow  passage.  In  all  plaotn 
where  the  pith  stops  not,  tiie  line  of  life  runs  in  the  middle 
of  the  pith,  constantly  making  \U  way  to  the  exterior,  with 
the  budtf.  I  have  in  some  annnaU,  and  some  herbaceous 
plantSf  good  specimens,  where  the  buds  are  passing  in  dif« 
ferent  directions.  I  shall  give  one  of  the  malviis  (See  fig.  5). 
Hard  mortar  At  first  it  appears  impossible,  that  !»o  soft  a  substance  as  a 
penetrated  by  ^mj  should  make  its  way  through  such  a  quantity  of  hard 
and  stone  by  a  flatter ;  but  many  instances  have  been  known,  where  vine- 
afig-trea.  buds  have  passed  through  the  hardest  mortar;  and  I  once 
saw  the  branch  of  a  fig-tree,  which  hsid  made  itswav  throucrh 
Bath  stone.  But  in  the  present  case  it  is  not  the  bud, 
which  forces  forward  :  it  is  the  woc»il,  which  in  a  far  more 
extraordinary  way  prepares  for  its  n'reption.  by  the  preced- 
ing of  even  a  softer  substance  t!i:in  itself,  albumen.  With- 
out absolutely  saying  so,  we  an*  very  apt  to  set  bounds  to 
the  power  of  God  ;  and  ciiciimscrihe  it  within  our  eapabili- 
ties;  yet  every  day's*  study  should  convince  us,  that  it  is 
only  little  by  little,  that  we  can  even  comprehend  the  glori- 
ous works  of  the  Creator  ;  and  the  astonishing  power  he  haa 
•hown  in  this  beauteous  world  he  has  formed. 

The  bud  will  not  permit  any  thing  in  the  nature  of  wood 
to  turn  it  from  its  course,  which  is  always  the  shortest  line 
that  can  be  drawn  from  almost  the  centre  to  the  circum- 
ference. I  once  saw  a  horse-shoe,  which  had  by  some  means 
got  into  the  wood  ;  the  buds  in  vain  essayed  to  pierce  it, 
'  they  all  died  in  the  act  of  trying  ;  some  of  them   made  an 

fffort  (being  stronger)  to  pass  round  it ;  but  died  also  be- 
fore they  could  reach  their  destination  :  at  last  tlie  line  of 

life 
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life  began  to  form  with  a  new  pith,  and  the  part»  where  the 
shoe  was,  decayed  ;  but  in  this  state  the  tree  was  cat  dowD» 
or  it  would  have  produced  a  stiU  more  instructive  history  of 
the  force  of  buds  ;  which  had  for  three  years  contested  the 
point  continually  with  this  hard  substance. 

All  that  farther  concerns  this  subject  is  more  peculiar 
than  general ;  I  shall  tlieretbre  defer  it  to  my  second  letter*. 
I  was  anxious  indeed  to  clear  my  way,  that,  haviu{(  laid  the 
foundation^  1  mij^ht  proceed  to  the  many  wonderful  parts, 
which  1  skail  hope  to  analyze  in  my  next. 

I  ami  sir, 

your  obliged  humble  servant, 

AGNES  IBBETSON. 

Explanation  of  the  Plates. 

PI.  VIII,  fig.  4.  The  bud  extremely  magnified,  the 
wood  passing  over  and  under. 

Fig.  5.  Section  of  the  malva,  showing  the  bud  on  the 
line  of  life  (k)  the  two  buds  :  {kk)  the  albumen  in  the  het^ 
baceous  plants,  but  it  is  seldom  so  regular  in  form. 

When  the  bud  is  to  be  formed,  the  line  of  life  makes  a 
knot ;  this  knot  is  directly  covered  with  a  scale,  and  both 
within  and  without  with  the  albumen,  which  grows;  and  I 
do  not  think  there  is  any  other  increase  of  the  bud,  till  it 
arrives  at  its  cradle  in  the  bark. 

It  may  be  thought,  that  there  are  repetitions  of  my  for- 
mer letters,  but  to  describe  the  outward  part  of  plants,  and 
afterwards  the  inward,  it  is  scarcely  possible  to  avoid  repe* 
titions,  anxioas  as  I  am  to  be  perfectly  understood  as  I 
proceed. 

I  have  given  also  a  specimen  of  a  vegetable  cutting  of  the 
cactus,  (tig.  6.)  to  show  the  curious  manner  in  which  the 
buds  follow  each  other,  and  are  discovered  on  the  line  of 
life.    //  the  bud. 

PL  IX,  fig.  1.  The  appearance  of  the  minor  obstroc- 
tion,  and  the  sort  of  plants  \hat  more  peculiarly  show  the 
ball,  exhibited  in  scrophularta.  a  the  ball,  bb  the  bud, 
or,  when  it  is  wanting,  the  cradle  where  it  reposes,  c  the 
hollow  of  the  pith. 

Fig.  2«  Appearance  of  the  buds  in  m  willow. 

Fig.  3. 


i|66  .  «V  TBS  osipu  Pf  IftOir. 

'  Fig.  3.    A  pifioe  of  wopd  torn  off  the  branch,  tbowing  the 
minor  obttruction  jiut  below  the  pith. 

Fig»  4.  A  pieoB  of  wood  cut  lengthwisCt  with  feveral 
lindtt  iid»  travelling  from  the  line  of  life  to  the  exterior, 
through  the  wood;  e#,  budt  travelling  through  in  another 
direction ;  //^  the  new  .wood,  or  albumen. 


IV. 

Observctions  on  tke  Oxides  o/Iron^  mtk  a  Disemsikn  qfthHr 
Nature.    By  Mr.  J.  H.  Hasisitfratz. 

f  Concluded  from  p*  IS^.J 

Fi  FTH  Method.    OxidatiTn  of  Iron  by  acids, 

LmJU^^JL  ^^  ^  know  that  iron  is  oxided  when  disaotved  in  acids, 
]8t,  from  the  gas  that  is  evolved  ;  and  3dly,  from  the  nature 
and  state  of  the  precipitates  after  the  solution.  We  will  ex- 
amine, by  each  of  these  two  methods  separately,  what  pro- 
portion of  oxigen  combines  with  the  iron,  to  promote  its 
ikolution* 

O/*  the  quantity  of  oxigen  deduced  from  that  of  the  gas 

evoked  during  the  solution. 
CUcuhtion  of     According  to  the  nature  of  the  acids  the  gasses  collected 
A^  ^Tf*"      ^i'l  he  different.     When  the  iron  is  dissolved  in  nitric  acid, 
evolved.  the  acid  itself  is  decom()osed,  its  oxigen  unites  with  the 

metal,  and  the  nitrous  gas,  that  was  combined  with  it,  is 
evolved.     In  concentrated  sulphuric  acid  too,   the  acid  is 
decomposed,  and  sulphurous  acid  is  dibcugaged  :  but  in 
sulphuric  acid  diluted  with  water,  muriatic  acid,  acetic  acid, 
&c.,  it  is  the  water  that  is  decomposed,  and  hidrogen  gas  is 
obtained. 
Lavoisier  with      Lavoisier  dissolved  iron  in  nitric  acid,  collecting  and  mea* 
mine  tcid.       gyring  the  nitrous  gas  evolved  •.     Having  ascertained  by  pre- 
vious experiments  the  quantity  of  oxigen,  with  which  this 
■    (»as  must  be  combined  to  form*iiitric  acid,  he  thence  de- 
duced the  quantity  combined  with  the  iron  during  its  solu- 
tion.    He  found,  that  the  results  were  very  variable ;  and 

♦  Mem.  de  I' Ac  des  Sc.  1782,  p,  40t  and  following, 

that 


o»  ms  osnM  av  nunr. 

tiiKllw  ftbiMMd  motcotlr**  gB«.  nccotding  to  the  tenipm- 
tiii^  at  »bn:li  M.I'  fsj  crinieni  was  mude.  From  Mine  cxpe- 
limeat*  hr  inf«rr«d.  tlwl  th«  proportion  of  oxi){co  coiubiued 
with  lw>  parU  nf  iron  mu»t  be  3^,  In  nne  «spcnin«nt, 
matte  beiwcet.  W  liid  30°  of  R,  [86*  and  100'  F.],  3«*a7 
xigvi.  L'iMiiliinrd  M.th  lUU  of  iron*.  NotwiUutaiiding 
£  (iitfeit-ncea,  he  i;'»u^eivcd  the  quantity  of  osigen  (.oni- 

■  luned  vi'M  lion  dib<ii>lfiiO  iii  nitric  acid  could  be  carried  oa\j 
f  to  ay  per  will  of  inm. 

it  <•  dtflicult  to««tiiDalebr  tliiw  method  the  proportion  of  ot,j(c, jog,, ^ 
I  in  A  couttaikt  stale  of  the  oside,  betiiune,  Ist,  tbe  <^»  meihe*. 
K-|)ro|)ortioii!.  of  ^as  obtained  v»iy  with  tlie  leiaperaiure  and 
e  Acfiie  Of  dKiCNitration  9I'  the  ncid ;   2dly,   it  \»  ex- 
4rr"iel/  dilficiiU  to  oMuiii  a  nuiforin  nitioua  gus;  3dly,  tb« 
iilwQjH  exidi-d  In  diffei'ent  Jegreca. 
'  Bergioiint.    hafing    djewlved     aepar^tely    more   than  Bcrgnui  wiiii 
brty  varietiet  of  iron  in  (ulphuric  acid  diluted  nith  water,  "'  ' 

■  Vnd    ill    niuriniic    addi    obiuined   with    the    former    from 
>  Si  S>*i^i«li  cutnc  iuchet  of  hidrogeu  from  the  doci- 

■  mastic  cemiier  of  irou,  Aod  «ith   tlie  latter  from  IStofil 
f  Iwhfi.. 

CuytonquoiGs  an  ex|)eriinenl«f  Prie«tleyi  in  which  the  Prianl^. 
Ei.t^iiih^liilujophernbtniaed  ISo'd  tabic  irithei  of  hiilrogeu 
•-ipuwith 'i7'5S  Ei^ri.jof  irou;  which  would  curry  the  quaulity 
ofoxiKcn  i-unabriicd  u«f:ires3g*7  porta  10  lOu  of  iron [|. 

Luvoivieii  huvi,<i;  dibsolvLfl  100  ^rs.  of  iron  in  dilute  tul- LaioUiet. 
phuric  acid,  obtained    110  cubic  inclieit  of  hidrogeii  gas, 
which  would  miike  the  quantity  of  oxigen  combined  with 
luo  of  iron  §7-3. 

Vaudiirmoride.  Rerthotlet,  Hiid  Monge,  dissolved  31  vari-  Vsn>l«rinon- 
eliw  of  iron  ill  .ulphuric  ucid  diluted  with  wBur.    From  tbe  ^Ji  wto^"' 
pureiit  iron  they  obtaiued  78  ounce  nieii»ures  of  hidrogen 
gas,  at  the  temperuture  of  13*  R.  £S9'  P.],  and  pretMrfl 

•  lb.  p.  497.  i  AMJjrtlioflraa. 

{I  Not  bcini  abla  id  lutn  to  tbe  pu»(«  in  riioilrf ,  a>  ilie  rcTercnce  is 
to  tlw  EiiCTctOiiMlc,  I  cannot  tatilt  tbe  numbcn  li<^re  p*en.  Mr. 
HMiailnli  «p)>ca<i  tci  kaiaUkuQ  Ilic  numbertu  iev<<*Bi<''>£  Ficnch 
cubic  ioehd),  und  French  griiittj  but  luppotinit  ihem  tu  be  Engliib 
iiicUea  ind  gr*in»,  ohitli  i>  frf  piababl]F  the  cuk,  Ihe  iifO|>orlionj  will 

no  eiT«sioretbiniS>  69iMffnt*  lOOirok.    C. 
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38  in.  [S9*8]»  vhich  would  make  the  quantity  of  osigen 
combined  with  100  of  iron  99*. 
-.         ,.  Vanquelins  havin^^  diasolved  sereral  kinds  of  steel  in  di« 

*      I ttte  sulphuric  acid,  obtained  from  108  to  121  cubic  inches 
of  hidrogen  gas ;  whence  the  quantity  of  oxij^n  combined 
with  too  of  iron  would  be  from  ^l6'6  to  29'9 1« 
Xxp«rimtiits        From  the  products  of  hidrogen  gas  obtained  by  dissolving 
tAbeczclu*     iron  in  dilute  sulphuric   acid  we  roust  exclude  those  of 
Bergman,  which  exhibit  toogresit  diti'erences  to  deserve  any 
confidence  ;  and  that  oi'  Priebtley,  which  appears  much  too 
considerable  not  to  induce  the  suspicion  of  some  errour»  or 
that  great  part  of  the  irou  was  oxided  ut  a  maximum  {. 
Conclusion  1  he  other  experiments  lead  to  the  conclusion,  that  the 

fiom  the         quantity  of  oxigen  combined  with  iron  varies  between  ^(>'6 
and  29*9  to  100  of  the  metal  disbolved. 

But  Iran  is  trl-      ^^^^  ^^  seldom  pure,  always  containing  carbon,  scorise,  and 
doni  puie      sometimes  oxidule.  The  iron  that  gave  Vauquelin  121  cubic 

inches  of   hidrogen-    contained    0*00633   of  carbon,   and 

O'ffOd^d  of  siliceous  earth, 
•othatwemay      The  impurity  of  iron  leads  to  the  presumption,  that  the 

estimate  the     quantities  of  hidroc^en  obtained  were  less  than  would  have 

oxif^nattba 

Itighest.  been  produced,  if  the  metal  had  been  perfectly  pure ;  whence 

we  may  consider  the  greatest  quantity  of  hidrogen  obtained 
as  resulting  from  the  purest  iron:  and  that  analysed  byVau* 
quelin  contained  at  least  O'Ol  of  foreign  matter,  so  that  we 
may  carry  the  proportion  of  oxigen  combined  with  100  of 
iron  dissolved  in  dilute  sulphuric  acid  as  far  as  30  without 
ThenarcT*  danger.  But,  according  to  Thcnard,  the  iron  in  this  solu- 
whita  oxide,  tion  is  in  the  state  of  white  oxide  ;  whence  the  white  oxide 
must  contain  30  of  oxigen  to  100  of  metal,  or  consist  of  77 
parts  iron  and  23  oxigen. 

Ofihe  quaniity  of  oxigen  combined  with  iron  ttscertained  hy 
the  oxides  contained  in  the  solutions. 
Calculation  of     The  quantity  of  oxigen  contained  in  the  oxides  separated 
the  quantity    from  their  solutions  may  be  ascertained  in  three  different 

•  M6m.  del*  Ac.  dei  Scisnces,  1786,  p.  166  and  following. 
t  Joum,  dcs  Mines,  No.  25,  p.  22. 

t  If  my  conjectiite,  expressed  in  a  preceding  ncie,  be  right,  this  le- 
mark  on  Priestley's  experiment  is  unmcessiry.    C. 

modes: 


OK  THE  DXIDKS  OF  IBOK.  ^^ 

:  lit,  l^  diBtilliiii;  ilie  solution  to  drfoCM,  " a^biug  in  the  oxiitcj 
«Ab«  pr*ci>iit»te,  itnd  dryiD|[ ;    Sodly,  by  precipitutiug   tlie  •'■«n's«t»M. 
(•xide  by  nil  alkali ;  3(lly,  by  precipitating  iu  thv  metallic 
Mate,  by  means  of  iron,  the  dissolved  oxides  of  other  melala, 
Jtb*:  quantity  of  cixig«n  contained  in  wliJch  ii  already  known. 
.      1st  Method.     Uvoisler  d.isul»ed  iron  in  nitric  acid,  eva-  ^.^  ^!^ 
jlDmted  to  dryness,  and  obtained  a  red  oxide,  tbc  wei^bl  of  acid  i>y  l^n- 
.which  «u  from  40tof0  percent  more  than  that uf  the  ir^n  "'"' 
.^ssolved. 

^     BuchoU  dissolved  iron  in  diluted  nitric  acid,  evaporated  flucholi, 
Jt  to  dryneSK,  and  kept  it  in  a  red  heat  for  a  quarter  of  au 
,'bour.     In  three  successive  exptsrioieatv  the  increase  wu  42 
,|>er  cent, 

,      Guenivrau,  mine  eiigineer,  irriteg  (o  me  from  Paris,  on  md  Gueni- 
^llie  30lh  of  Seplenjbcr,   I8O7:    "We  also  have  Ufii  em- "*"' 
^.|ilDyccl  on  the  same  Kubject  (lite  oxidation  of  iron  by  the  ni* 
.fricacid],  and  wr  c&ndnde,  that  the  o side  is   coinpoiied  of 
100  metal  »ith  44  oxit^en.     We  employed  the  same  method 
aa  Mr.  Bucliolf,"     This  experiment  appears  to  liuve  been 
ifcyieated  in  the  laboratory  of  the  rnuncil  of  mines  at  Paris. 
:     Iron  dissolved  by  nitric  acid  is  commonly  in  the  Mate  of  Pirt  of  the 
red  oxide.     Lavoisier  says.  that,  bavjng  calcined  this  oside  ^^^JIJ^^ 
to  reduce  it  to  the  stale  of  ethiops,  it  ta.'^t  so  inueh  of  Ht  hi^si  bf  La*ot- 
weight.  as  to  retain  no  more  than  2fi  or  30  ofoxigen  to  100  ""' 
•firon'. 

It  is  difticult  to  pince  confidence  in  lliis  result  of  Lavoi-  but  thii  •)■■(•• 
aier:  1st,  because  tliere  is  no  indication  ofliis  having  luken  "°"''"' 
4he  necessary  precantions  to  oside  complelely  the  metal  he 
^'tdisaolved  :  2dly,  becauvf,  urcording  to  the  experiments  of 
Berthollet  and  Konrcroy.  t1i<.' oxide  does  not  part  with  any 
of  it&oxi};eu  to  return  to  the  state  of  uxiduie,  to  whatever 
lemperntnre  it  be  e\;roHrd. 

tit  remmns  for  us  thcrefuie  to  compnre  the  two  results  of  Cumpariwa  01 
^  Bucholz  and  Guenivean.  As  it  ii  diSicnll  for  us  to  know  ['^'^^^"  "' 
with  certainty,  whether  the  oxide  of  Bucholz  did  not  alill 
*!COHlain  tome  ]iorlion  uf  oxidulc  mixed  with  it;  and  whether 
ihe  iron,  which  he  employed,  were  perfectly  pure  i  every 
tiling  lead*  us  to  prefer  the  lecaiid  reauli,  irliich  gi<n.%  Utc 
larger  propori  ion  ofo.xigea.  Both  bow  over  havUig  take  u  Ui« 
•  Miin.  del- Ae.dwScimee',  iTT,  y   .'■. 


MQ  •  OV  TBI  OXIOBI  or  IBOK. 

same  precaution8»  and  employed  the  same  care  in  their  ex- 

perimenta,  we  will  leave  itfor  the  present  undecided,  whether 

100  of  iron  be  mixed  with  42  or  44  of  ozigen  in  the  red 

oxide. 

The  oxide  DM-      9nd  Method.    Guy  ton  4issolved  iron  in  nitric  acid »   and 

cipltmted  by     precipitated  it  with  salt  of  tartar.     The  precipitatep  after 

OaytoD^*'    ^  being  repeatedly  washed  and  dried*  had  increased  3S*1  on 

100  of  iron, 
aaa  Lavoisier.  Lavoisier  precipitated  the  nitric  solution  of  iron  by  caus« 
tic  alkali,  and  obtained  two  diflferent  precipitates^  Ist* 
When  the  solution  was  weak,  made  without  heat,  and  pre- 
cipitated by  pure  caustic  ammonia,  this  illustrious  chemist 
had  a  black  precipitate,  in  which  the  weight  of  oxigen  to 
100  of  iron  was  30*  2d1y,  When  the  acid  was  concentrated, 
and  the  solution  promoted  by  heat,  the  iron  received  an  in- 
crease of  40  or  50  per  cent,  whatever  were  the  acid  em- 
ployed ;  and  this  precipitate,  after  being  calcined,  retained 
only  25  or  30  parts  of  oxigen  to  the  100  of  iron. 

Oxide  of  iron  in  sulphuric  acid  diluted  with  water,  when 
precipitated  from  its  solution,  and  afterward  dried  in  close 
vessels,  Lavoisier  found  to  be  in  the  state  of  ethiops,  and 
containing  from  S5  to  30  parts  of  oxigen  to  100  of  metal. 
Probable  This  great  diminution  of  the  weight  of  the  precipitated 

source  of  er-    oxides  obtained  by  Lavoisier  niii;ht  lead  us  to  suppose,  that 
sicr*»  exp.        some  coally  substances  had  got  into  the  vtssel   coiituioing 
the  oxide,  and  contributed  to  the  reduction  of  part  of  the 
oxide  to  the  metallic  state. 
Thete  expert-       '^  '^  difficult  to  draw  accurate  conclusions  from  these  ex- 
ntDts  ineon-   periments,  because  it  is  not  certain,  whether,  by  virtue  of 
that  chemical  action  of  which  Berthollet  has  proved  the  ex- 
istence, a  portion  of  the  alkali  had  not  bren  carried  down  by 
the  precipitate,  and  a  portion  of  the  oxide  retained  by  the 
menstruum.     In  fact  Fourcioy  found,  that  the  oxides  of 
iron  precipitated  by  ammonia  retained  a  portion  of  the  pre- 
cipitant. 
Soltitk>B  of  3d  Method.     Bergman  remarked,  that  20  parts  of  stoel 

m^'P^roa  ^^0«^«rby  threw  down  06  parts  of  silver  dissolved  in  sulphu- 
bj  Bergman,   nc  acid  ;  whence  it  follows,  that   100  parts  of  silver  would 
have  been  precipitated  by  129  iron.   From  this  Lavoisier  con- 
cludes. 


«K  Tni  oxiDBt  OP  nan. 
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.U(Je«i  that  lOOpirtaof  iron  would  uIil-  up37'39ofoxigait 
n  ihiseserimeiit. 

The  result  liere  depends  on  too  many  circuiBBlancei,  to  Objwions. 
iKk<^  known  the  jiroportion  of  iron  rontniiied  in  tht:  oxide  or 
lidule.     In  &ct  the  quuntity  of  precipitate  compitTtKl  with 
te  iron  disBoUed  depends,  Ut,  on  th«  quantity  of  gsJg«D 
combined  with  the  lilver  in  the  solution  ;  Sdly,  on  tiie  pro- 
portion of  nilver  precipitated  from  nitric  acid  by  mercury; 
Sdly,  oa  the  quantity  of  oxigen  which  mercury  tukei  up  ou 
"being  diasolvpdin  nitric  acid:  and  if  these  three  dnta  he  not 
Vrictly  accurate)  the  linul  result  eauiiot  be  determined  with 
irecision.     Proust  Mys  he  has  discovered,  that  silver  rany  be  TminitiaTct 
mided  either  «(  a  maximum  or  a  minimum  in  nitrate  of  lil- *>'"'•*•■ 
4eT*  ;  and  hence  we  have  a  fresh  source  of  errour  ia  the  in- 
rence  of  Lavoisier. 

Bucholz  attempted  to  determine  the  proportion  of  oxigen  BuLhult  far*, 
the  oxidule  of  iron,  by  tuppoaing  that  in  the  oxide  to  be  f!*  "•"  f^^F" 
lown.     With  this  view  he  pasted  the  vapour  of  waiter  over  meant  (J  htax 
d  hot  iron,  and  obtained  an  oxide,  which  on  tiilunilion  '"'  ■»''■', 
'fbrnivhed  a  bUck  powder.     This,  being  subjected  to  the 
action  of  muriatic  acid,  and  to  several  other  tests,  nas  found 
to  be  an  oxidule  of  iron. 

is  oxidule  was  dissolved  in  nitric  acid  in  the  same  man-  and  convmad 
.  iron,  the  fluid  evaporated,  and  ihe  residnm  kept  at  a  ^^'^XnT' 
fed  heat  for  a  quurter  of  an  hour,  when  it  htid  gained  an  ^cA. 
addition  of  one  tenth  to  iu  weight.     This,  on  the  suppo«i* 
ion  that  the  red  oxide  contains  49  of  oxtgen  to  lOU  of  iront 
rould  give  sot  of  oxigen  to  100  of  iron  for  the  oxidule;  and  Calculi'iws 
n  the  suppodition  of  the  red  oxide  containing  44,  the  oxi-  ""^^  '*' 
Inle  would  contiiin  31  to  lOO  parts  of  inetiil ;  and  lUOuf  ox- 
ie  [oxidule]  would  be  composed  of  7'J'3  iron,  and  i3'7  oxi- 
gea,  which  agrees  »iih  the  lesultiof  Lavoisier  and  BuchuU. 
6th  method.     0/  the  quanlili/  o/oxigen  determined  ty  the 
ttompotition  of  nitre. 

Guy  ton  projected  equal  parts  of  iron  filings  and  nitre  into  Ut,nnn-A*avy 
red  hot  crucible,  washed  the  residuum  repeatedly  in  boil-  "'"'•''.'  Ou)'- 
ig  water,  and  oblninrd  an  oxide,  in  which  the  iron  had  tc-      ' 
eived  an  addition  of  34  parts  to  lOV. 
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and  Lavoiticr,      Lftvoitier  imagineii,  that  the  iroo  employed  by  Giiyt 

was  not  pure,  becauHC^  in  the  experiments  he  made,  }h»  o 

tained  an  increase  of  45  to  100. 

differed  great-       The  dift'ereiice  between  the  results  of  Guyton  and  Lavi 

^J'  sier  is  too  great  to  allow  ur  to  deduce  from  these  expsrimei 

the  proportions  of  oxigen  contained  in  the  oxide. 

Conclusionfrom  the  experiments  recited  respecting  the  propt 
tions  of  oxigen  and  iron  contained  in  the  different  oxides. 

Genrral  con-        The  numerous  experiments  on  the  oxidation  of  iron,  tl 
eiubioDfl.  j^^^,^  h^^n  mentioned,  and  which  Were  made  by  persons  c 

lebratcd  equally  for  their  talents,  sagacity,  and  precisic 
may  be  divided  into  two  classes.  The  first,  executed  at 
time  when  the  science  was  not  sufiiciently  advanced,  to  i 
dicate  all  the  causes  that  might  influence  the  results,  are  n 
sufficiently  accurate  for  us  to  make  use  of  them.  T 
fi-  second,  made  with  the  care  and  precision^  that  the  prese 

state  of  the  science  admits,  ought  seemingly  to  enable  us 
determine  the  proportions  of  oxigen  and  pure  metal  in  t 
oxides,  if  not  accurately,  at  least  with  so  near  an  approxim 
tion  to  the  truth,  that  we  may  employ  tliem  with  advantaj 
in  those  chemical  analyses  in  which  iron  is  present. 
Red  oxide.  The  proportion  of  oxigen  in  the  red  oxide  of  iron  exhib: 

some  uncertainty.  It  was  found  to  be  4i!  to  100  of  iron  I 
Bucholz  ;  44  by  Mr.  Guenivfau  ;  and  45  by  Desrochesai 
myself. 

Several  considerations  lead  me  to  adopt  the  proportion 

45  of  oxigen  to   100  of  iron,  snppoifiin^  the  ihree  expci 

ments,  which  i^ive  these  different  proportions,  to  have  bei 

69  iron  to  31    made  with  the  same  d^-gree  of  accnrury ;  accorilini^  to  wliii 

*****"'  the  composition  of  100  parts  of  red  oxide  would  be  in  roiii 

numbers  69  iron,  and  31  0x1:^(0. 
Reasontfor  Among  the  couMthrations  that  lead  to   the  adoption 

lakinn  this  this  proportion,  the  following  m:iy  be  distini;uibht(I.  I: 
pioportion.  rpj^^  method  of  oxidation  by  the  air  assisted  by  heat,  whi< 
is  the  most  direct  and  simple.  2d,  The  difference  bet  wet 
the  results  of  Bucholz  and  Guenivean,  44  being  nearer 
45  than  to  4-2.  3il,  The  ditfereiice  in  speeimeiis  oi  iro 
Iron  rendered  impure,  either  by  the  unicuj  of  carbon,  I 
oxidule  remaining  in  it,  or  by  scorise,  would  receive  a  smzill 

adii;ti< 
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addition  of  weii^ht  frnm  the  coinbinaton  of  oxigen,  than 
iron  in  a  purer  state.  Now  as  Biicbolz  did  not  analyse  hit 
iron  separately,  it  is  difTicuit  to  decide  on  his  account.  In 
the  auHlvsis  there  is  an  element  very  difficult  to  be  deter* 
mined  in  the  present  state  of  our  knowledge,  this  ii>,  the 
quantity  of  oxidule  remaining.  Now  as,  t'rom  these  consi- 
dcratioiis,  we  sliould  regard  the  highest  result  as  nearest  ap- 
proaching the  truth,  this  leads  to  the  adoption  of  45. 

The  proportion  of  oxigen  in  the  black  oxide  appears  to  Black  oxidt^ 
vary  between  SO  and  31*8  of  oxigen  to  100  of  iron.  It  is 
30  ill  reducing  the  black  oxides  of  the  valley  of  Aost:  it  it 
40  in  reducing  the  black  oxide  of  the  isle  of  Elba  with 
liidrogen  gas.  On  dissolving  the  black  oxide  in  nitric 
acid,  the  oxidule  increasc*s  10  per  cent  in  passing  to  the 
stiite  of  red  oxide.  From  this  experiment  it  is  inferred » 
that  the  black  oxide  contuins  30  of  oxigen  to  100  of  iron, 
supposing  the  red  oxide  to  contain  but  42  of  oxigen.  If, 
however,  this  oxide  be  estimated  at  45,  agreeably  to  our  ex- 
periments, the  bkck  oxide  will  contain  31*8  to  100  of  iron* 
L-ri^liy,  it  amounted  to  31*38  in  the  experiment  where  I-ia- 
voisier  oxided  iron  by  exporting  it  red-hot  to  the  vapour  of 
wa*er  in  a  copper  tube  ;  and  to  30*38  according  to  Bucholz. 

Tliero  a)>[»ear8  some  difficulty  in  choosing  between  the  re-  Reasoiit  f^^r 
sultsof  30and  31*8  of  oxigen  to   100  of  iron  in  the  oxi- iJllJIIISll'f. 
dulcs,  yet  we  think  the  iiigher  ought  to  be  taken,   because,  lion, 
l>t,  the  proportion  derived  from  the  oxidulated  ores  of  the 
vallty  of  Aoi«t  is  liable  to  various  uncertainties,  respecting 
the  identity  of  the  mineral  fused  and  the  mineral  analysed  : 
«idlv,  carbon  always  combines  with  the  rceulus,  and  it  is 
dilficult  to  determine  its  quantity  precisely:  3d!y,  it  sccnis 
more  proper  to  calculate  the  djfi'trenoe  of  proportion  between 
theblark  oxideand  the  red,  l»y  takuig  tlie  latter  at  45  than 
at  42:  4lhly,  of  all  the  e.\pf;rirr:ents,  in   which  tlie  blaclc 
o\idc  h:i4  been  obtained,  th..l  where  the  vapour  of  water 
was  einploVed  i:>  the  mostJiirct :  5tlily,  co!isiiltrii;g  the  im- 
purity of  iron,  the  hi^hcbt  t-nm  of  oxidation  is  alv/uys  to  be 
prefifired,  wIumi  its  **tatt  i«  well  d'jtermincd, 

t'loin  all  thi".e  c<i:r-lile!ati<»na  we  »^hal'i  presume,  tliat  the  r.-  7C  •"  r.  (• 
blaek  oxide  i-?  c«»:npo^e-l  of  31*8  Dxl^reM  to  100  of  iruc. ;  ^* -■*'**'*• 
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whence  it  will  follow,  that  100  parts  of  bUck  oxide  of  iroi 

are  composec?  in  rOnhd  numbers  of  76  iron  and  24  oxi|;eD. 

White  oxide;.       jfo  method  of  obtaining  the  white  oxide  of  iron  is  y« 

known,  hut  that  of  dissolving  the  metal  in  an  acid*     Whe 

the  oxicie  thus  obtained  is  precipitated,  it  immt'diately  con 

bines  with  oxi^n  to  {generate  black  oxide,  and  frequentl 

r».'(]  oxide  ;  so  thnt  we  have  no  method  of  finding  the  propoi 

tion  of  oxigen  in  white  oxide  but  by  calculating  from  th 

hidrogen  gas  evolved  during  the  9oUition« 

In  this  way  we  found  the  proportion  of  oxi^n  to  vary  be 

tweeu  '26*6  and  30.     To  choose  between  these  two  numberi 

taken  from  the  cx])eriments  of  Vauquelin,  we  iihould  kno' 

the  state  of  the  iron  dissolved,  and  the  mode  in  which  tli 

^  solution  was  conducted.     Calculating  from  the  ditFcrent  di 

1:  ^rees  of  impurity  in  iron,  we  shall  be  led  to  adopt  the  pre 

portion  of  30 ;  yet,  I  think,  it  would  be  preferable  to  tak 

that  of  29  of  oxigen  to  100  of  iron,  deduced  from  the  exp4 

(i,  rlmentsof  the  French  academicians,  Monge,  Vandermond< 

and  BcrthoUet :  because,  1st,  it  was  the  highest  produ< 

they  obtained  from  21   varieties  of  good  iron,  which  the 

dissolved  :  2dly,  tliey  were  particularly  careful  in  measorin 

•;^  the  gasses  they  obtained;  Sdly,  they  reduced  these  mes 

^-  suri^s  to  a  uniform  temperature  and  pressure,  whence  it  ws 

easy  to  calculate  the  exact  quantity  of  oxigen  corresponc 

;ng  ;  4thly,  in  the  experiment  of  Vauquelin,  which  may  h 

considered  as  very  accurate,  the  omission  of  the  teniperatui 

uud  pressure,  at  which  the  gasses  were  obtained,  renders  u 

unahle  to  compute  exactly  the  quantity  of  oxigen. 

r7'5  iionio  From  these  considerations  it  follows,  that  the  white  oxid 

IS  composed  ot  very  nearly  2J)  pnrts  of  oxigen  to  100  of  iron 

and  that  100  parts  of  white  oxide  contain  77*5  iron  and  2J* 

o\igen« 

Aildition, 

Difference  be-      Mineralogists  know,  t  hat  thereare  very  characteristic diffei 

♦.«-*"^  Jf  "V  ences between! he o:*  idule  of  iron  of  the  vulley  of  Aost,  whic 
live  ux  Mft>  01  •  ' 

Aostand£lba.  thecelchrated  Haiiy  desijjnates  under  the  name  of  oxidulate 

iron,  and  the  oxidnle  of  the  iiile  of  Elba,  which  he  calls  oil 

gist  iron.     Tlie  primitive  form  of  the  first  is  the  ortacdror 

and  it  yelds  tiMiick  powder;  the  primitive  form  of  iheserom 

«iii  r!i  {  mhoi:l,  souivwhat  acute,  and  it  \ields  n  red  powder 

T  esr  two  oxiilnles  appear  to  difler  in  the  foinicr  beiui 
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only  a  pure  oxidnley  timilar  to  thit  obtained  from  the  oxi« 
dalion  of  iron  by  water,  the  decomposition  of  which  is  as« 
sisted  by  heat,  and  consistinj^  of  0*76  iron  to  0*24  of  oxi^n ; 
and  the  latter  hein^;  a  compound  of  red  oxide  and  black  oxi- 
diile  of  iron,  in  which  the  proportions  of  these  two  substanees 
are  variable. 

The  powders  of  oxidulated  iron»  and  of  oxidule  of  iroa 
obtained  by  heat  and  water,  appear  to  be  identical.  We 
liave  analysed  several  specimens  of  ore  from  the  island 
of  Elba,  and  found  in  every  one  very  variable  proportions  of 
the  two  oxides.  Of  the  two  varieties  mentioned  in  the  pre- 
ceding observations,  one  contained  33,  the  other  40  of  oxigen 
to  100  of  iron.  Some  others,  that  we  analysed  both  in  the 
moist  and  dry  way,  contained  S5»  36,  and  38  of  oxigen  to 
lUO  of  iron.  One  alone  yielded  ns  only  30,  like  the  ore  of 
the  valley  of  Aost:  but  we  had  reduced  and  analysed  sepa- 
rately two  fragments  taken  from  different  parts  of  the  same 
specimen. 

Among  the  fine  crystals  of  the  isle  of  Elba  a  gpreat  deal  of 
red  oxide  of  iron  is  found;  and  it  is  principally  in  this  state, 
that  the  ore  is  extracted  for  the  smelting  houses.  In  the 
mines  of  the  valley  of  Aost,  on  the  contrary,  the  oxide  is 
much  more  rare,  and  the  ore  is  pretty  commonly  extracted 
for  the  works  in  the  state  of  oxidule. 

This  addition  1  give  only  as  a  sketch,  that  may  assist  the  Thcie  reerelf 
mineralogist  in  his  researches,  and  facilitate  the  discovery  hints  to  mino- 
of  the  causes  of  the  difForenccs  presented  by  these  two  spe- 
cies  of  iron  ore,  which  the  learned  Flaviy  had  already  di- 
viiietl  with  that  sagac  ity,  which  he  employs  in  all  his  labours. 
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On  the  Parts  of  Trees  primarfy  impaired  by  Age,  In  m 
Letter  from  T.  A.  Knight,  Esq.  F.  R.  6\  to  the  Rt.  //on. 
Sir  Joseph  Banks,  Bart.  K.  B.  P.  R.  S.^ 


I 


MY  DEAR  SIR. 


N  the  first  communication  I  had  the  honour  to  «<)dress  GiMftt  la^f  but 
to  you,  (it  wa»  in  the  year  1795>)  I  stated  the  result  of  many  f^r  a  limited 

•  Fl«UTran<«.  for  1810,  p.  171. 
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exporiinciits  on  grafted  trees,  from  which  I  iiiferrecl,  that 
mrh  vHriety  caii  be  prof^n (rated  with  success  during  r  limitecl 
periiKl  only;  and  that  the  graft*  or  other  detached  part  of 
An  old  tree,  or  old  vavicty,  ran  never  form  that,  which  caii 
with  propriety  be  caileci  a  youns^  tree. 
Wha»orgdn  I  have   fiubsrqiieutly  eiideuvonred    to  ascertain   which, 

nratUxU.         atnonp  the  various  organs  that  compose  a  tree,  fint  fails  to 
execute  ittt  office,  and  thus  tends  to  hriug  on  the  incurable 
debihty  of  old  age;  and  the  result  of  the  experiments  ap- 
pears sufficiently  interesting,  to  induce  me  to  cuunnunicate 
an  account  of  them. 
Analogy  be-         Whatever  difference  exists  between  the  functions  of  ani- 
twfcn  ▼epeta-  iqqI  mif]  ve^etiihle  life,  there  is  a  very  obvious  analogy  be- 
ngal or" JUS.      tween  some  of  the  organs  of  planti^,  and  those  of  animals  ; 
and  it  does  not  appear  very  iniprobalile,  that  the  cones- 
pondent  organ,  in  ench,  may  first  fail  to  execute  its  office ; 
and  satisfactory  evidence  of  the  imperfect  action  of  any 
particular  organ  can  much  more  easily  be  obtained  in  the 
ftlxperiinentf    vegetable  than   in  the  animal  world.     For  a  tree  may  be 
may  bo  made   composed,  bv  the  art  of  the  grafter,  of  the  detachcKl  parts 

on  tree*  ihat        ^  ,"  iiir-  m   •  .. 

cannot  oa  ani-  O'  many  others;  and  the  detective,  or  efncicnt,  operation,  oi 

ni-l5.  each  organ,  may  thus  be  observed  with  the  greatest  accu- 

racy. But  such  observations  cannot  be  made  upon  animals ; 
because  the  operations  necessary  cat:not  be  performed  ;  and 
therefore,  thonj^h  there  would  be  much  danger  of  crrour  in 
incautiously  transferring  the  piienomena  of  one  class  of 
organized  beings  to  anotiier,  1  conceive,  that  experiments 
fin  plants  may  be,  in  some  cabcs,  useful  to  the  investigator 
of  the  aniniiil  ocoiiomy.  Tlifv  may  direct  him  in  his  pur- 
suits, and  possibly  'atiiitate  l)is  inquiriea  into  the  immediate 
causes  of  the  der.iy  of  aniinal  slrcngtli  and  life;  and  on  a 
subject  of  so  much  importance  to  uiankind,  no  source  c^ 
information  siioiiM  remain  unexplored,  and  no  lights,  how- 
ever feeble,  be  disregard td. 
nt^ans  of  Tc-  Naturalisth,  hot!',  of  ancient  and  modern  limes,  have  con- 
gtt.'.b!cs  311(1  sidfTird  the  struct ;ire  of  plants  as  an  inversion  of  that  of 
i»ar-d^  '^^"*"  *i>^>"i»'***»  ""d  l»ave  compared  tho  roots  to  the  intestines,  and 
the  leaves  to  the  Iung<,  of  animals;  and  tl  e  analogy  be- 
tween the  ve<j[v'ahle  sap  and  animal  blond  is  very  clc.se 
:.nd  obvioitb.     The  experiments  aUoj    of  iviiich  I  have  at 
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different  pt*rio<ls  commuDicated  accounts  to  you,  supported 
by  the  facts  previously  nbcertahied  by  other  naturalists, 
scarcely  leave  any  reasonable  grounds  of  doubt,  that  the 
sap  ot  trees  circulates,  as  fur  as  U  aipparently  necessary  to, 
or  consistent  witii  their  state  of  existence  and  jrruwth. 

The  roots  of  trees,  |>articularly  ihose  in  coppices,  which  No  deficiency . 
are  felled  at  stated  period.s  continue  so  long  to  prodiicet  o^castonTthe 
and  feed,  a  succession   of  brunches,  that  no  experiments  decay  of  tree <(. 
were  ivanted  to  satisfy  me,  that  it  is  not  anv  defective  actiou 
of  the  root,  which  orcasions  tlie  debility  and  diseases  of  old 
varieties  df  the  apple  and  |)ear  tree;  and  indeed  ex^ierierice 
every  where  shows,  that  a  young  sel:iiling  stock  does  not  give 
the  character  of  youth  to  the  inserted  bud  or  i;raft.     I,  how-  IMant*!  from 

ever,  procured  plants  from  cuttint^s  of  some  very  old  ya- ' ''^*-'"F* '•'^    ^ 
.     ,  ,       .  .   -  ,    ®        .  ,     ,  wW  varieties  of 

rieties  of  the  appic,  which  readily  emit  roots;  and  ihese  the  apple 

plants  at  the  end  of  two  years  were  grafted,  about   two  K'*^^'^- 

inches   above  the  f^roand,  with  a  new  and  very  luxuriant 

variety  of  the  same  species.     These  grafts  grew  ver}'  freely, 

and  the  roots  themselves,  at  the  end  of  four  or  five  years* 

probably  contained  at  least  ten  timet?  as  much  alburnum, 

as  they  would  have  contained,  had  the  trees  rtmained  un« 

grafted.     The  roots  were  also  free  from  any  appearance  of 

disease,  or  defect. 

Some  crab-stocks  were  at  the  same  time  grafted  with  the  Golden  pippin 

uolden   pippin,   in  a  soil  where  the   wood  of  that  variety  ^wf**-**!  <*■. 'h« 

1     I-     J  ^L      .^  II  /.     ,     I      crab,  and  a 

rarely  lived  more  than  two  years:  and  I  agani  grafted  the  crab un  the 

annual   shoots  of  the    goUien    pippin  with   cuttings  of  a  *."^*.  **^  ***• 
young  and  healthy  crab-tree,  so  as  to  include  a  portion  of         .*  ■ 
the   wooa  of  the   golden  pippin   between  the   roots   and 
branches  of  the  native  uncultivated  species,  or  crab  tree; 
and  in  this  situation  it  grew  ju^t  us  well  as  the  wood  of 
the  stock  and  branches.     Some  branches  aUo  of  the  golden  with  other  ex- 
pippin  trees,  whicli  I  mentioned  in  my  former  com  muni-  pe"n>«nts, 
cation  of  171)5,  being  much  cankered,  were  cut  oil*  a  foot 
above  the  junction  of  th6  grafts  to  the  stocks;  and  were 
regrafted   with  a  new  and   healthy  variety.     Parts  of  the 
wood  of  the  golden  pippin,  in  which  were  many  cankered 
spots,  were  thus  placed  between  the  newly  inserted  grafts, 
and  the  stocks ;  and  these  parts  fi'avc  subsequently  become 
perfectly  free   from  disease^  and   the  wounds,  previously 

made 
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made  by  caiikcT,  have  been  wholly  covered  with  new  ami 
thowed,  that  healthy  bark.     These  facts,  therefore,  batitfied  me,  that  the 
there  was  no    debihty  and  diseMscb  of  old  vurieiles  of  fruiu  of  this  s^jecies 
tioii  of  th*:      did  not  ori;;in:itc  in  any  oetective  action  of  the  bark  or 
bAik  oralbur*  alburnum,  either  of  the  root,  or  of  ihe  atem  and  brancheti, 
and  my  attention  was  consequently  directed  to  the  leaf  and 
succulent  annual  shooU 
Experimentf        ^  ^^^  Crab-blocks  were  grafced  with  cuttjngs  of  the  gol- 
on  the  leavef   den  pippin,  in  a  situation  and  boil,  where  1  had  previou»1y 
thoQU.  "         ascertained,  that  the  wooa  of  the  golden  pippin  rarely  re- 
mained in  health  at    the  end  of  a  second  year;   and,   as 
soon  as  the  annual  shoots  had  acquired  sufficient  growth 
and  firmness,  numerous  buds  of  a  new  and  luxuriant  variety 
of  apple,  which   Itnd  recently  sprung  from  .^eed,  were  in- 
serted in  them.     During  the  succeeding  winter,  the  natural 
•  buds  of  the  golden  pippin  branches  were  destroyed,  and 
those  inserted  suQcred  alone  to  remain :  and  as  soon  as  the 
leaves  of  these  had  unfolded,  and  entered  on  their  ufTicc, 
every  symptom  of  debility  and  disease  disappeared  in  the 
bark  and  wood  of  the  golden    pippin :    and  each  conti- 
nued to  perform  its  office,  just  as  well  as  the  wood   and 
bark  of  the  young  seedling  stocks  «ould  have  done  under 
similar   circunihtaiice:).     1    made   nearly  the  same  experi- 
ments ou  the  pear  tree,  and  with  the  same  result. 
ThesRpclrcu-      I  have  endeavoured,  in  several  former  communiration:>,  to 

mes  through    ^^^y^,  tjj^^  the  sa.)  of  plants  circulates  throuifh  their  h'aves. 
tne  leaver,  aa    •  '_       *      _  "  _         .  ' 

the  blood  OS  the  blood  of  animals  circulates  ttirough  their  lungs;  and 
thriugh  the  j  y^^^.^  ^^^  iuhsequenlly  found  anv  facts,  in  the  writings  of 
other  naturalists,  or  in  my  own  experiments,  which  militate 
against  this  conclusion.  I  have  also  observed,  that  grafted 
treep,  of  old  and  debilitated  varieties  of  fruit,  became  most 
diseased  in  rich  soils,  and  when  grafted  on  stocks  of  the 
most  vigorous  growth ;  which  has  induced  me  to  suspect, 
that  in  such  cases  more  food  is  collected,  and  carried  tip 
into  tlie  plant,  than  its  leaves  can  prepare  and  assimilate, 
and  that  the  matter  thus  collected,  which  would  have  pro- 
moted the  health  and  growth  in  a  vigorous  variety,  accu* 
mnlates,  and  generates  disease  in  the  extremities  of  the 
branches  and  annual  shoots,  while  the  lower  part  of  tiie 
trunk  and  roots  remain^  generally,  free  from  any  apparent 

disease. 
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^icase.  I  •nil  llim-foK,  much  dispo&ed  to  ntltibiite  llie  Hu  Imct  Um 
diiai)>r«  aud  deliility  of  old  ajjc  in  tren  to  ut  intbility  lo  T*',* !'"' 
produce  leaver,  which  cun  fflidviitly  vxmiie  llieir  tiaturul 
office;  und  in  sonir  coiisi-qiient  iiupL-rrviiion  in  the  circu- 
lating fluid,  Jt  i*  true,  thiit  the  Ifiivtrs  nre  nnnually  rrpro- 
ducud,  and  thetL-roiv  nnnuully  new  :  l>ut  ihei'cis,  I  aoiiceive, 
a  i-erj-  essential  diflTrreiice  between  the  new  leave*  of  an  old. 
Slid  of  H  youn);  vuriety:  nnd  in  «u|>iiori  ol'  tlii>i  upiuion,  1 
shall  ob^rve,  thul  the  exti-mul  chanicter  of  the  leaf  of  the 
*auie  vuriety  ttt  two,  mid  iit  twenty  yrard  old,  ia  very  di»- 
Mmilar;  und  it  ihi^refore  iippeunt  nul  iiuprobiilile,  ihat 
t  fartlier  changes  will  huve  tuken  plsce  at  the  end  of  two 
Centufien*. 

If  ilie»e  o|iiitioni  be  well  founded,  and  the  kavea  of  treea 
be  analogous  to  the  lungs  of  aiiiinulH,  in  it  very  improbnble, 
that  the  naturul  debility  oi  old  a^e  of  trees  and  of  animal* 
tony  originoie  from  a  limilar  Miurce? — Tins  ia  a  ijueslinn,  LongetUy 
upon  whicli   1  Bin  not  by  any  mean*  prepared  to  give  an  i""ii-'i'«ll)'  af 
opinion:   but  I  believe  it  will  very  generally  be   udiullted,  ,uieof  ^e* 
that  the  human  snbjeet  is  best  forined  for  ioiij,-  life,  when  lunp! 
ilie  chest  is  best  formed  to  permit  ihti  lungs  to  move  with 
moat  freedom,     I  have  uI>o  long  and  attentively  obterved 
among  our  donieslicated  animali,  that  those  individuals 
longest  retain  tlieir  health  and  strength,  and  bett  bear  ex- 
cessive labour  and  insufficient  food,  iu  which  the  chest  ia 
most  deep  and  capacious,  proportionately  to  the  length  of 
current   the  cir'-ulatiug  fluid   has   to  run;    and  the  saioe 
remark  will,  I  '  -lieve,  be  generally  found  applicable  to  the 
human  specie-.  I  am,  my  dear  Sir, 

wilh  great  re*pect.  •incerely  yours, 
Dowafoa,  Feb.  20,  1  HO.  AND.  KNIGllT. 

1810. 

•  The  leif  of  «  i*edlin(  t^pk  or  pcai-iiee,  when  the  plant  it  vny  Down  on 
young.  i>  e*"e™"j' •'""»"  wkolW  free  Irom  llie  pubitcvnceordown,  leiva*  ■rtnp> 
wliieiitulwfqiicrmljappKiii  oa  iti  iinder  mrfice  ;  inil  wliieh  Boanel  in**"'"  *'''•" 
Mr.   Mirbel  liivc   iuppo««ii  M  Increa-i!    iti   (urrucu  lad    powers.     But*'""" 
)  feel  litilcdnpoMil  to  »*>pl  itaii  hypotliriu,  tuvi.if  obierttd,  Ihil  tha 
l«*««f  some  newTirieiiasur  th«  apple,  whieli  hi¥e  s|iiuiiii  from  >c«di 
of  the  SilKtiln  cnb,  have  buih  lurfacet  anrly  ci(uill)'  hiiuiDili;  and  thx 
iheK  virituelgraw  ftiicr,  inH  b«*r  heaviri  crujj*  ul  teiy  ikli  fiuii,  iJiiu 
iO]  olheiit  witliuut  bsuig  ext-saslcdorinjurid, 

VL 
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VI. 

Remarks  on  Mr,  Dalton's  Hypothesis  of  the  manner  in 
tchich  Bodies  combine  with  each  other.  In  a  Letter/rom 
John  Bostock«  M.  D. 

ToMr.  NICnOLSON. 
SIR, 


I 


N  the  first  part  of  Mr.  DaUon*s  system  oF  chemical  philo-* 

^••w  principle  sophj',  he  announced  the  existence  of  a  now  principle,  re» 

iicicmisry.    gpg^jjpg  the  manner  in  which   bodies  combine  with    each 

other.     At  the  time  he  went  no  farther,  than  merely  to  state 

the  outline  of  his  hypothesis,  refering  to  the  subsequent 

part  of  his  work,  for  the  facts  and  experiments  iVom  which 

it  was  derived.     The  second  part  of  the  system  bi'iii^  now 

published,  and  a  considerable  portion  of  it  b^ing  oocupiecl 

with  details^  which  may.be  considered  as  dependant  iipon» 

or  illustrative  of  the  hypothesis,  and  the  truth  of  it  bcin^ 

iwtunied  as  the  foundation  of  a  great  p^rt  of  Mr.  I>altoD*8 

reasoning,  we  may  be  fairly  entitled  to  enter  into  an  exami-* 

nation  of  the  proofs,  which  are  adduced  in  its  sup|>urt. 

In  order  to  assist  us  in  fqrming  a  clear  coiicoptton  of  the 

different         subject,  it  may  be  desirable  to  refer  to  the  different  wavH 

♦■■<id'S  of  €!5*        .  .  . 

.iMishinjjA  in  which  we  -itlempt  to  e.stublihh  a  new  hypothesis.  M'e 
;ew  hypothc-  m^y  sbow,  that  it  is  consonant  to  the  ;^eni?rally  received  laws 
of  physics,  that  it  cninci-les  with  previously  admitted  facts, 
aud  is  deducible  from  them  :  or,  proceeding  without  these 
previous  steps,  wc  may  f^ropose  a  new  opinion,  that  is  un^ 
supported  by  analogy  or  induction,  and  afterwards  endea- 
your  to  substantiate  it,  by  experiments  and  observations 
made  expressly  for  that  purpose.  To  the  latter  of  thesethe 
term  hypothesis  more  strictly  applies,  while  the  former  is 
more  correctly  denominated  theory  \  and  ns  our  plan  of  pro- 
ceeding in  the  investigation  of  any  truth  must  be  consider-* 
ably  different,  according  as  we  adopt  the  one  or  the  oth(»r 
of  these  modes,  it  is  of  some  importance  to  bear  in  mind 
the  distinction,  which  subsists  between  them.  It  will,  I 
think,  be  found,  that  Mr.  Dalton's  doctrine  is  altogether 
hypothetical^  or  one  which  depends  for  its  proof  rntirely 
upon  subsequent  observations  and  experiments.     Ry  those 

who 
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who  are  iu  the  habit  of  philosophical  iovestigationt  it  vill 
not  he  snppose^l,  that  any  degradation  of  Mr.  Dalton^  doc- 
trine is  iiiteiidfd  hy  this  statement  of  what  1  conceive  to  be 
the  correct  view,  in  which  it  ought  to  be  regarded  ;  some  of 
the  EDObt  inipoi'tunt  discoveries  of  modern  times  have  origi- 
nated from  mere  hypothebis,  nor  does  it  ap(>ear  that  any 
objection  can  be  urged  against  the  use  of  it,  provided  only 
we  bfar  in  mind  the  nature  of  the  ground  on  which  it  is 
founded,  and  recollect  that  its  proof  depends  entirely  upon 
the  strength  of  the  facts  that  are  adduced  in  it»  favour. 

I  shall  olFera  few  remorkb  uf>on  the  terms  that  are  em«  Remarks  on 
ployed  hy  Mr.  Dalton,  and  firbt  upon  the  word  atom,  which  Jf/^f**'®**'* 
.holds  so  prominent  a  place  in  his  pages.   Considerable  merit  a^^^ 
is  due  to  him  for  the  clear  manner  in  which  this  part  of  the 
subject  is  brought  into  view,  and  this,  I  conceive,  is  in  no 
small   degree  owing  to  liis  having  employed  a  term,  the 
meaning  of  which  was  established  both  by  custom  and  ana« 
logy,  so  that  it  could  scarcely  be  misunderstood*,  whereas 
the* words  particle \,  generally  employed  by  the  English 
chemists,    and 'still   more,    moleculcX^    employed   by  the 
French,  were  obliged  to  be  altered  aiul  retracted  from  their 
popular  acceptation,  before  they  could  be  employed  in  a 
scientific  discussion.     To  the  word  atom  no  objection  can 
attach.     I  cannot,  however,  assent  to  the  manner  in  which 
Mr.  Dalton    has  ifted  the  words  binary,  tcrnart/,  Sec. ;   be-  Binary,  tern- 
cause,  I  thinly,  it  is  cdlctibted  to  introduce  confusion  into  ^^'  ^^' 
chemical   language.     The  words  themselves  are  modern, 
they  are  confmed  to  the  writing  of  the  chemist,  and  were 
formed  to  express  a  peculiar  constitution  of  bodies,  yet  Mr. 
])alton  employs  the  terms  in  a  senso  essentially  different 
from  that  originally  imposed  upon  them.     [  am  not  fond  of 
proposing  new  terms,  being  aware  of  the  difficulty  of  in- 
venting such  as  may  be  unexceptionable,  yet  I  shall  venture 
on  the  present  occasion  to'sngge&t,  that  hinate,  frinafe,  &c«  Other  terras 
may  serve  to  denote  that  the  substanre  in  question  consists,  [jj^l^  ^^ 
of  2,  3,  or  more  atoms,  without    the   liability  to  erronr, 

•  Aroficf,  iasecabilis,  indiviiibtlis. 
f  Diminutive  of  pin,  a  liule  part. 
I  Diminutive  of  moles,  a  little  mass. 

that 
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that  it  involved  in  the  words  ftiiMry,  temar^y  fcc,  which 
refer,  not  to  the  quantity,  but  to  the  quality  of  the 
atoms*. 

After  thete  preliminary  ohservationt,    I  shall   proceed 
to   the    subject    moic    imoiediately    under  consideration. 
In  the  conclusion  of  the  first  |Mirt   of  his  systetn,    Mr. 
Dalton  introduces  a  short  chapter  on  cheiDical  synthesis,  in 
#'htmif&1  rrn-  ^^'^^  ^  informs  us,  that  *^  one  j^reat  object  of  his  work  it 
thetii.  *<  to  show  the  importance  and  advantage  of  ascertaining  the 

**  relative  weights  of  the  ultimate  (wrticles,  both  of  simple 
*'  and  compound  bodies,  the  number  of  simple  elementar}' 
'*  particle^  which  constitute  one  comiiound  particle,  and  the 
^*  number  of  leas  compound  fmrticleb  which  enter  into  the 
'*  formatiou  of  one  more  compound  particle.*'  He  then 
goes  on  to  state,  that  when  two  bodie;}  Aand  B  are  disposed 

*  I  hope  I  shall  not  lie  thought  hypercriticftl,  if  I  point  out  an  inaccu- 
racy into  which  you  have  falien,  in  your  tianUation  of  Mr.  Grotthu>&*s 
paper  on  mcullic  arborization,  iflacricd  in  your  last  number.  The  follow- 
ing lentcnce  occurs  in  it  5**  **  Let  ut  sup|H>Ae  a  thread  of  water  formed 
*'  of  three  integrant  particles,  each  compoied  of  two  atoms  of  oxlgen, 
*'  represented  by  g ,  and  one  of  hidro^n,  ^^c.**  Knowing  by  the  data 
of  the  paper,  that  between  3  or  4  years  must  have  elapsed  since  it  was 
written,  I  was  surprised  to  meet  with  the  word  atom  in  this  connexion, 
and  was  induced  to  turn  to  the  original,  where  I  found  th«  expression 
to  be;  "  ConsiderOBs  un  iiict  d*  eau  furniv  do  trois  molecules  inte- 
"  grantes  dont  chacune  soitcompo>v'c  d*  oxigcue,  represent^  par  %f  & 
**  d*hidrog^ne  rcpri!sent6  pari,  &c."  In  works  of  science,  particularly 
where  the  language  has  been  controvertt- J,  wv  should  closely  adhere  not 
only  to  the  #cn5f,  but,  where  it  is  possible,  to  the  ttrma  of  the  original. 
Ann,  Chim,  V.  LXIII,  p.  19,  20.  •• 

**  [Answer,  U  appears  to  me,  that  one  great  source  of  the  corrup- 
tion of  language  is  the  retaining  thtt  words  of  one  language  in  what  is 
called  a  translation  into  another,  without  neces&it}  ;  and  that  this  has 
been  of  late  years  a  growing  evU  in  our  own,  partly  from  the  car«!ei5nesi 
and  partly  from  the  ignonnce  of  translators,  which  1  have  generally  been 
studious  to  avoid.  I'o  the  v'ord  mnUcule  I  have  always  felt  a  particular 
objection,  not  only  bf^cau^e  1  conceive  our  English  word  partiele  to  be  of 
the  same  signification,  butbecausi.%  when  pronounced,  its  sound  is  liable 
to  excite  a  ludicrous  idea.  Mr*  D;ilton*s  recent  observation,  that  he  did 
not  understand  the  meaning  of  the  word  particle,  induced  me  Co  employ 
that  of  atoa,  to  which  1  did  jiot  imagine  any  objection  could  lie.     C.] 

to 
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to  combine,  their  atoms  inuvt  unite  in  the  following  ordef» 
beginnini^  with  the  most  nimple  case. 

«'  I  atom  of  A  +  1  atom  of  B  =  1  atom  of  C,  binary. 

**  I  atom  of  A  -t-  «  atomsof  B  =:  1  atom  of  D,  ternary. 

**  '2utomsof  A  +  1  atom  of  B  =r  1  atom  of  E,  ternary. 

**  I  atom  of  A  +  3  atoms  of  B  =::  1  atom  of  F,  quaternary, 

**  3  atomsof  A  +  1  atom  of  B  =:  I  atom  of  G»  quaternary, 

&c." 

The  author  then  proceeds  to  lay  down  some  *'  general 
rules/*  which,  not  being  immediately  deducible  from  the 
foreurojng  statement,  nor,  as  farati  can  jndg:e,  having  any 
previous  analogies  in  their  favour,  we  must  regard  as  specu- 
lative positions,  the  proof  of  which  is  reserved  for  the  2nd 
part  of  the  work.  The  first  four  of  these  rules  are  as  follows. 
'*  1st.  When  only  one  combination  of  two  bodies  can  be  ; 
**  obtained,  it  must  be  presumed  to  be  a  biuarif  one,  unless 
**  some  capse  appear  to  the  contrary.  Sod.  When  two  com- 
**  biiiations  are  observed,  they  must  be  presumed  to  be  a 
*  binary  and  a  tfrnary.     3d.  When  tliree  combinations  are 

obtained,  we  may  expect  one  to  be  binary^  and  the  other 
*'  two  ternary.  4th.  When  four  combiuations  are  observed, 
**  we  should  expect  one  binary  f  two  ternary,  and  one  qua- 
**  ternary,  &c.*'  In  support  of  these  positions  Mr.  Dal  ton 
offers  no  arguments,  but  resting  their  truth  entirely  upon 
their  intrinsic  probability,  he  proceeds,  without  any  hesita- 
tion, to  deduce  from  them  the  most  important  conclusions, 
and  such  as  lie  at  the  foundation  of  a  great  part  of  his  bub-' 
sequent  reasoning. 

From  the  6rst  of  the  above  rules  Mr.  Dalton  draws  the  Composition 

two  conclusions,  that  water  is  a  binary  compound  of  hid r«.^^ **'*'»  ?"* 
,      .  ,      .         ,  ,     .  •   1        i.  .  ,      o'  ammonia, 

gen  and  oxigen,  having  the  relative  weight  of  its  two  ele- 
mentary atoms  nearly  as  I  to  7 ;  and  that  ammonia  is  m 
binary  compound  of  azote  and  oxigen,  the  atoms  of  which 
have  the  weight  of  1  to  5  respectively.  But  before  we  can 
follow  Mr.  Dalton  through  this  train  of  consequences,  there 
•rp  some  diflipulties  to  be  cleared  up,  wliirh  oppose  our  pro- 
gress at  the  very  outset.  When  iKxlies  unite  only  in  one  pro- 
portion, whence  do  we  learn  that  the  combination  must  be 
binary?  Why  is  it  not  as  probable,  tliut  water  is  formed  of  Objections. 
|wo  atomsof  oyigcn  and  one  of  hidro^'co,  of  two  atoms  of 

fiidrogen 
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IiHrogen  and  one  of  oxi;;en,  or  in  short  of  any  assignuMe 
number  of  atoms  of  hidrogen  and  nxigcn?  ido  nut  pevccivL', 
that  Mr.  Dalton  has  given  any  reason  in  support  of  this 
binary  coinbinationy  in  preffrence  to  all  the  rest,  and  1  am 
onabie  to  conjecture  what  reason  can  be  urged  in  its  favour. 
If  we  feel  a  difficulty  in  assenting  to  the  first  of  these  rules, 
Estill  more  shall  we  be  inclined  to  hesitate,  as  we  advance  to 
the  more  complex  cases,  which  are  stated  in  the  2nd,  3d, 
and  4th.    It  is  obvious,  that  as  there  is  more  scope  for  vari- 
ety in  the  mode  of  combination,  in  the  same  ratio  does  the 
probability  of  Mr.  Dalton*s  su)>}msition  diminish.     It  is  not 
necessary  to  enter  into  the  consideration  of  the  other  **  gene- 
ral conclusions,*'  because  the  estimates  which  are  formed  of 
the  weights  of  oxigen,  hidiogen,  and  azote,  as  laid  down  in 
the  first  ttKO,  enter  as  elements  into  all  the  subsequent  cal- 
culations.    We  may  therefore  conclude  this  port  of  the  in- 
quiry by  stating,  that  the  |>ositions  respecting  the  weight  of 
the  atoms  of  oxigen,  hidrogen,  and  azote,  as  laid  down  io 
the  first  part  of  Mr.  Dalton*s  system,  are  entirely  hypothe- 
tical, are  assumed  without  any  authority  either  from  analogy 
or  indurtion,  and  that  consequently ,  they  must  rest  entirely 
upon  such  facts  Bfi  the  author  brings  forwards  expressly  for 
their  support. 
Assumptions        The  points  which  Mr.  Dalton  has  here  aMumed,  and 
of  Mr.  Dalton  ^hJeh  remain  to  be  ]>roved,  are  the  following.     First,  that 
when  only  one  combination  of  two  elementary   bodies  can 
be  olftained,  it  must  he  6/Mar^ ;  'ind.  That  only  one  com- 
bination of  oxigen  and  hidrogen,  and  only  one  combination 
of  hidrogen  and  azote  can  exist;  3d.  That  the  ratios  of  I  to 
7,  and  of  1  to  5  express  the  relative  weights  of  these  atoms. 
It  may  be  confidently  asserted,  that  these  steps  in  the  proof 
are  so  intimately  connected  together,  and  that  the  last  de- 
pends so  entirely  upon  the  previous  ones,  that  the  least  flaw 
in  either  of  them  must  utterly  demolish  the  whole  hypothe- 
sis.    I  shall  now  turn  to  the  2ik1  part  uf  the  system,  where 
the  author  promised  that  the  fiu:tb  and  experiments  should  be 
ilemcnttry      detHiled,  from  which  the  coiidusions  were  derived.     The 
[ifincipUf.       first  ehnptrr  is  on  "  elemcntar>'  principles,"  oxigen,  hidro- 
gen, azote,  &c. ;  each  of  these  individually  forms  the  sub- 
ject of  a  short  section)  in  which  the  mode  uf  procuring  them 
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is  described,  and  an  outline  is  giTtn  of  their  chemical  and 
physical  properties,  but  nothing  occtira,  either  in  the  way  of 
proof  or  illnstration  of  the  "  general  conclusions."  We. 
however,  naturally  expect,  that  wc  shall  tind  the  information 
of  which  we  are  in  search,  when  we  come  to  the  next  chapter, 
which  professedly  treats  of  compounds  of  two  elements,  and  Compounds  q# 
first  of  water.  After  giv'mga  brief  account  of  the  cxperi- ^^^^Jj^*"™*^"**' 
meuts  on  the  composition  and  decomposition  of  water,  ex« 
periments  which  have  been  repeated  in  various  forms,  by 
the  most  distinguished  chemists  of  France  and  England, 
and  respecting  which  the  utmost  pains  have  been  taken 
to  ensure  accuracy,  Mr.  Dalton  remarks,  that  **  the 
**  general  result  was  that  85  parts  by  weight  of  oxi* 
'*  gen  unite  to  15  of  hidrogen  to  form  water."  In 
this  estimate,  however,  he  does  not  acquiesce;  he  refers 
to  some  objections  that  have  been  urged  against  it  by  Mr. 
Humboldt  and  Gay-Lussac,  whose  reasoning  on  this  sub- 
ject he  considers  as  **  perfectly  satisfactory."  They  con* 
ceive,  that  in  consequence  of  the  aqueous  vapour  which 
gasaea  usually  contain,  a  less  quantity  of  real  hid  rotten  must 
have  been  employed,  than  was  assumed  in  the  calculations^ 
and  they  reduce  it  from  15  parts  to  14*3  ports,  increasing, 
of  course,  the  quantity  of  pure  oxigen  to  S5*7*  Mr.  Dalton 
adds,  **  the  relation  of  tliese  numbers  is  that  of  7  to  1 
nearly.*'  He  continues;  ^* There  is  another  conbideratton 
**  which  seems  to  put  this  mutter  beyond  doubt.  In  Vol- 
**  ta*9  eudiometer^  two  measures  of  hidrogen  require  jast 
*'  one  of  oxigen  to  satnrate  them.  Now,  the  accurate  expe* 
**  riments  of  Cuveudlsh  and  Lavoisier  have  shown,  that 
"  oxigen  is  nearly  14  times  the  weight  uf  liidro^oii;  the  ex- 
"  act  coincidence  of  this  w't'i  the  conclusion  above  deduced 
*^  is  a  sufficient  confirmation.'*  Notwithbtaiidin^  the  ac- 
knowled^^ed  savaci^y  of  the  author,  I  ca.mot  but  consider 
the  above  remarks  as4otally  irrelevant  to  the  question  under 
discussion.  Tlie  facts  that  are  adduced  refer  merely  to  the 
relation  which  the  bulk  of  hidrogt-nous  ^a^  beurs  to  its  spe* 
cidc  gravi; . ,  and  have  no  relation  to  either  of  tiic  fundamen* 
tul  points  ill  Mr.  Dal  ton*  s  hypothesis. 

Having  now  gone  through  the  Ci  a.  ter  iij  'h'ch  the  pro*  y^  .  ^^^^^  ^^ 
mi^ed  facts  atid  experiments  are  coiitdiued,  it  mwy  be  pn^r  aot  s^pi  o  c 
•  ta 
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Hm  aniump^    to  consider  how  far  they  tubstantiate  and  authorise  the  con« 
^*'°'*  elusions  that  have  been  deduced  from  them.     Nothkn^,  as 

1  can  jndge^  has  been  advanced,  which  has  the  least  reference 
to  the  6rst  positionf  that  when  only  one  combination  of  two 
bodies  can  be  obtained  it  must  be  binary.  This  therefore* 
which  ifi  the  foundation  of  all  the  argument^  must  be  re- 
garded as  a  mere  postulate,  unsupported  by  facts,  and  not 
resting  immediately  either  on  analogy  or  induction.  The 
2d  position,  that  only  one  combination  of  ozigen  and  hidro- 
gen*  and  only  one  of  hidrogen  and  azote  can  exist,  rests 
rather  on  a  different  foundation  from  the  preceding.  We 
have  never  yet  been  able  to  produce  more  than  one  rogibi^ 
nation  with  each  of  these  substances,  therefore  Mr*  Dalton 
conrludes,  that  only  one  combination  can  possibly  exist.  But 
it  is  evident  that  this  is  not  a  Intimate  way  of  reasoning; 
it  amounts  to  no  more  than  a  presumption,  and  that  drawn 
from  our  ignorance;  and  is  in  contradiction  to  the  general 
analogy  of  chemical  affinities*.  From  what  has  been 
stated  I  think  it  will  be  admitted,  that  Mr.  Dalton's 
hypothesis  fails  entirely  in  its  two  fundamental  poaitions* 
that  one  of  them  is  entirely  without  support,  and  that  the 
other  is  founded  upon  a  presumption  which  scarcely  amounts 
to  a  probability.  In  this  state  of  the  case  we  might  perhaps 
be  justified  iu  discarding  the  hypothesis  altogether,  or  at 
loabt  in  requiring  the  author  to  bring  forward  some  direct 
ArtthecoDse- ai^nmeuts  in  its  favour,  before  we  should  pay  any  farther 
iduciWe**'*^  atienlion  to  it.  I  shall,  howe^'er,  pursue  a  different  course, 
£nMnthepro-  and  shall  examine  how  far  the  consequences  would  fairly 
mues.  follow  from  the  premises,  supposing  that  these  were  demon* 

strated.     IS  or  is  this  investigation  to  be  considered  as  a  mat- 
ter of  mere  speculative  curiosity,  because,  although  the  hv- 

*  Although  in  forming  his  general  conclusiunb-  Mr.  Diltnn  Sfliume«,that 
only  one  combination  of  oxigen  and  hidiogcn  can  exist,  and  from  ihif 
circumstance  ai^uctf  that  water  is  a  binary  compound,  and  hence  deduces 
the  weight  vf  its  atomx,  a  caleulatton^  vpon  vrhlch  all  the  Hetaih  of  Me  Ay- 
po:hetv  depend^  yet  in  the  2d  part  of  his  system  he  endeavours  to  show, 
that  the  fluoric,  muriatic,  oximuriatic,  and  hypcioxmuriaiic  acids  are  all 
compounds  of  oxigen  and  hydrogen,  and  even  forms  estimates  of  the 
number  of  atoms  of  each  elcroent  which  eutcrs  into  thc.r  composition. 
So  dangerous  is  it  toi  the  most  acute  xiiind  to  indulge  in  merely  spccula- 
tif  e  reasoning ! 

pothe^i« 
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I'lrotheiis  I!  at  prvEteut  uiiiiup{Mit(«d  by  Vj  evidencr,  yel  U 
linifiiim  iiotktng  cODlmdiclory  (o  teuton  or  cxperkiK'c ;  m> 
•  that,  if  itspfwar  tbattlieriiareiitiy  nunibcr  of  fuctit  which  eo- 
ititli  it,  or  Uiul  ore  cotiTeuiently  expluined  by  tt,  tfary 
nait  be  coikHidtTM)  ut  furmiui;  on  ludirect  ar^^ument  in  ils 
nvDur.  Now  il' we  admit  ibc  truth  of  th«  hypothesis,  lo  far 
»  mpect*  the  unian  of  the  two  tleineiits  atom  by  niom,  ft 
itiece»niry  cuuneijut  vt  m,  that  liie  tuiii[iu)ind  will  be  eiilicr 
>  Atnury*,  or  thut  I,  t  number  of  atuinD  in  the  aubstunce 
which  exists  in  the  greatest  quantity  will  be  same  multiple 
•f  tbc  atom*  extktiiig  in  the  smaller  ijiiantity.  1  will  lake  Campoundi af 
■theexainple  nf  aulphur  aud  oxigen.  These  bodiei  unite  in  'xlji'iur  mi 
three  diRertnt  proportions,  of  which  one  must  be  (iiiary, 
i.  e.  100  Blams  of  sulphur  aud  100  HtnmH  of  oxigea  will 
itUniteand  forni  100  atoms  of  Home  compound,  which  cam- 
pound  wt  tniglit  a  prion  suppoBi*  would  be  that  in  which 
itiie  strongest  uHiuity  ia  exerterf  betwevn  the  i»o  rleroenti. 
Jq  all  the  other  compounds  it  necessarily  follows,  that  the 
tuber  of  ulonis  wliiih  exist  iu  the  lari^est  <(uuntity,  must 
slie  either  as  tw,  300,  400,  or  some  multiple  oi'  100:  for  it  is 
obvious,  that  the  substances  could  not  combine  atom  by 
'Stom,  were  the  greater  number  of  atoms  to  exist  in  the  rati* 
LOf  WO,  ISO,  or  in  nny  quantity  intermediate  between  the 
'Centesimal  mimhera.  It  seems  the  most  naturul  In  ri^rd 
^e  sulphuric  add  us  the  6Jnary  componnd  of  sulphur  and 
mig«a,  or  that  lUO  atoms  of  •lulphur  and  100  olom-s  ofoxi* 
(en  form  100  utum.i  of  sulphuric  add.  According  to  the 
nost  aCGumte  experiments,  the  respective  weights  of  the 
'VOmponent  parts  of  Eulphuric  acid  are  100  (larts  of  sulphur 
a  13f>'5  parts  of  exigent,  therefore  tho  weight  of  an  atom 
^f  sulphur  will  be  to  the  weight  of  an  atom  of  oxigen  as  t 
,to  1 '365,  or  nearly  as  3  to  4.  Let  us  now  try  how  this  aop- 
ill  coiiicidp  with  the  composition  of  ihe  next  com- 
lulphur  and  oxij^en,  sulphurous  acid,  100  parts  of 
'«hich  are  staled,  upon  the  respectable  aulhurily  of  tii. 


"  The  woid  iiBoty  ii  Jietc,  i^A  in  mil  the  ether 
ilnyed  in  iha  seiixs  ohicli  Mr.  Dillon  ««itn>  to  il 
BHcti  cunruflun  msf  ta  intmJaciil  b) 
Usreni  tlfwficjiUMW  a|,plicd  in  tha  ntae  tcirniific  tc 
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Compound*  of  Thomson,  to  consist  of  53  parts  of  sulphur  and  47  of  oxi- 
kulphuriLiid  gen,  or  100  parts  of  sulphur  to  8S'6  of  oxi^n*.  Now  in 
tpxigtnu  this  case  the  proportion  of  ox igcn  to  the  sulphur  is   dimi- 

Aished,  therefore  the  100  fmrts  of  oxigen,  which  entered  into 
the  composition  of  sulphuric  acid,  will  be  combined  with 
a  greater  number  of  utouis  of  sulphur,  and  the  next  smallcft 
quantity  with  wliich  they  can  unite  is  the  next  multiple  of 
100,  that  is  i^OO.     Sulphurous  acid  will  therefore  be  com- 
posed of  100 atoms  of  ox i gen,  and  200  atoms  of  sulpiiur. 
Now  supposing  thf  weight  of  an  atom  of  sulphur  ro  be  to 
au  atom  of  oxigen  as  1  to  l'3(»5,  the  weight  of  the  two  atoms 
of  sulphur  in  sulphurous  acid  will  be  to  the  single  atom  of 
oxigen  as  2  to  1  '365,  nearly  as  6  to  4,  so  that  100  parts  of  sul- 
phurona  acid  will  co.isist  of  60  parts  of  sniphur  and  40  parts 
of  oxigen.     The  third  cotnpound  of  sulphur  and  oxigen  is 
the  oxide  of  sulphur,  and  this  is  stated,  U|xin  the  same  au- 
thority with  the  laitty  ^o  he  composed  of  100  parts  of  sul<- 
phur  with  7  of  oxigen.     Here  as  before  we  are  to  take  the 
oxigen  as  the  fixed  quantity,  and  to  find  some  multiple  of 
100  which  may  expre:is  the  proportion  of  sulphur.     Now  if 
we  suppose  that  one  atom  of  oxigen  unites  with  19  atoms  of 
sulphur,  to  form  the  oxide  of  sulphur,  or  that  100  atoms  of 
the  oxide  ol'  ealphur  are  frompo.sed  of  100  atoms  of  oxigen 
Qv.d  1900  atoms  of  sulphur,  we  shall  tnid,  by  following  the 
>ame  method  of  calculation,  that  the  weight  of  sulpliur  to 
lliut  of  oxigen  will  be  very  nearly  as  57  to  4.     With  respect 
tobulphur  therefore  it  appear^,  that  one  case  is  ibvourable 
to  the  hypothesis  and  the  oth*  r  adverse  to  it :  for  the  ana- 
lysis of  the  sulphurous  acid  niakos  the  fiuipluir  to  thf  oxicrcii 
as  53  lo  47,  while  the  proportion  of  57  to  4,  f[>r  the  oxide  of 
suijihur,  ai>roL-5  very  iie;nly  with  Dr.  Tliomton's  estimate  of 

100  to  7;. 

•  Thomson,  I.  87.  |  Thonisoji,  I.  s>!. 

f  As  the  oxide  i»f  fiilphurlias  piub.ibly  fir'al  r\!'*t»i:(\'.  and  a*  tb** 
numbers  which  Pr.  TlKtuiMin  has  :i^?i';'ird  f.»r  i:s  (-..sr.Ntitii' i^s  ci  iii- 
clde  remnikably  «ith  Mr  D»iUi»i:*s  hyiK'ih'  sU,  I  hav«*  ifir.'r.  ii  a  |il:«»-f 
in  the  calcalatiou^,  althuug;li  my  opinion  i-i,  t!.;ti  u-cha%i'  not  yet  >iif< 
fici«nt  (prouisJ!!  for  funning  an  I'yact  csfiuintc  of  (lie  )iro^u>i  ll(ji!i  of  its 
rienienti,  and  th»atM>vc  coincidence  is  purely  uct:ido»it:iI.  Src  I.*r. 
Thomsun^s  papei  in  Nich.  YI,  101. 

I  V.  VA 
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I  will  DOW  apply  the  tsme  mode  of  Gxainination  to  the  Compoundtof 
GompouDds  of  oxigen  and  carbon^  carbonic  acid  and  car-  J^IJn^'*  " 

bonic  oxide.  According  to  the  hypothesis,  one  of  these 
must  be  binary;  let  na  suppose  that  it  is  the  carbonic 
acid  which  is  in  this  statey  or  that  100  atonns  of  carbonic 
acid  consist  of  100  atoms  of  oxic^n  and  100  atoms  of 
carbon.  But  the  carbon  in  carbonic  acid  is  to  the  oxi* 
^en  as  38  to  79f  or  nearly  as  100  to  357,  therefore  the 
atom  of  carbon  will  be  to  the  atom  of  oxi^n  as  1  to  3*57* 
In  the  oxide  of  carbon  the  quantity  of  oxigen  being  dimi* 
itished,  we  mnfit  take  some  multiple  of  100,  to  express  the 
ratios  of  the  increased  quantity  of  carbon.  If  we  suppose 
that  two  atoms  of  carbou  unite  to  one  of  oxigen^  it  will  make 
the  proportion  3  to  3'57*  This  will  give  the  constituents 
of  carlK>nic  oxide  to  be  100  parts  of  carbon  to  138*5  of  oxi- 
gen, whereas,  from  the  analysis  of  this  substance  we  learOf 
that  100  parts  of  carbon  require  146  parts  of  oxigen  to  con- 
vert them  into  carbonic  oxide*.  I  have  here  assumed, 
that  carbonic  acid  is  the  binary  compound,  but  I  will  now 
reverse  the  611  ppoaition,  and  make  the  oxide  of  carbon  to 
f.*ousist  of  100  atoms  of  oxigen  and  100  atoms  of  carbon* 
According  to  this  principle  the  weight  of  the  atom  of  curboii 
will  l)e  to  the  atom  of  oxigen  as  1  to  r4(>,  and  proceeding 
as  above  for  the  constituents  of  carbonic  acid  we  shall 
have  100  atoms  of  the  acid  to  consist  of  100  atoms  of  car^ 
bon  and  300  of  oxigen,  making  a  ratio  nearly  of  1  to  3'9» 
which  give  the  con.stltuents  of  carbonic  acid  to  be  100  parts 
of  carbon  to  390  parts  of  oxigen,  whereas  we  iind  by  ana- 
lybis,  that  100  parts  of  cnrbon  require  only  357  parts  of  oxi^ 
gen  to  be  converted  into  carbonic  acidf. 

1  will  now  examine  in  thebume  manner  the  rompoands  of  Com  pound*  nf 

oxision  and  azote.     I  will,  in  the  tirst  place,  assume  that  °*'**" •"*  "*" 

.     .  ,         ,  tigjen. 

nitric  acid  is  the  binary  compound,  and  us  100  parts  of  azote 

require  236  parts  of  oxigen  to  be  converted  into  nitric  acid :^, 
it  follows  that  the  atom  of  azote  is  to  that  of  oxigen  as  1  to 
3*36.  Nitric  oxide  receiving  an  addition  of  azote,  the  pro- 
portion will  Ix?  as  3  to  3*36,  which  will  make  the  constitu- 
tion  of  the  oxide  to  be  as  100  to  1 18,  whereaa  it  is  stated  to 

•  T'.ion;son,ll,  150.        f  Thomson,  II,  149.        J  Thomion^  II,  163. 
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be  in  the  ratio  of  100  to  136*.  With  respect  to  the  nitrous 
oxide,  the  ratio  seems  Favourable  to  the  hypothesis,  for  if 
we  suppose,  that  100  atoms  of  oxi gen  are  combined  with 
400  atoms  of  azote,  to  produce  100  atoms  of  nitrons  oxide, 
the  proportion  of  the  constituents  would  be  in  the  ratio  of 
100  to  59*  which  is  very  nearly  what  it  appears  to  be  from 
analysist«  Here,  therefore,  one  case  appears  to  be  favour- 
able, and  the  other  adverse  to  the  hypothesis. 

I  shall  now  reverse  the  above  calculations,  and  assume 
^       that  nitrous  oxide  is  the  binary  compound,  which  Mr.  Dal- 
toD  supposes  to  be  the  case.     On  this  principle  the  atom  of 
oxigeii  will  be  to  the  atom  of  azote  u.'urly  as  100  to  170,  or 
as  1  to  1'7*     The  constituents  of  nitric  oxide  will  then  be  in 
the  ratio  of  100  to  1 17*6,  and  of  nitric  acid  as  100  to  nearly 
t233.     1  have  only  admitted  three  compounds  of  oxii^en  and 
azote,  because,  even  although  we  suppose  nitrous  acid,  and 
oxinitric  acid  to  be  substances  that  are  always  uniform  io 
their  composition,  a  supposition  which  is  at  least  doubtful,  it 
seems  natural  even  on  Mr.  Dalton's  hypothesis,  to  regard 
them  as  secondary  compounds,  formed  by  the  union  of  a  cer- 
tain number  of  atoms  of  nitric  acid  with  a  certain  number  of 
atoms  of  azote,  in  the  one  case,  atid  of  oxij^en  in  the  other, 
Thefiersdo         I  shall  not  think  it  necessary  to  pursue  this  examinatioo 
the  bnjothe-    '"^  farther,  the  examples  which  have  been  adduced  are  suffi- 
9is,  cient  to  establish  the  conclusion,  that  although  the  facts  occa- 

sionally coin<ide  with  the  hypothesis,  they  more  frequently 
oppose  it.  It  will  perhaps  be  said,  that  the^e  analyses  are 
not  correct,  Rnd  I  am  fur  from  denying  that  this  may  be 
the  case,  a1lhou<r]i  1  have  purposely  selected  these,  which 
appear  to  stand  upon  the  best  fouudstion.  But  here  we 
must  recollect  the  ditlerence  between  a  theory  and  an  hypo- 
thesis :  had  it  been  bhown  by  a  previous  train  of  reasoning, 
that  Mr.  Daltou*s  opinion  was  supported  by  any  strong 
analoicVf  or  that  any  poweful  arguments  <  ould  be  adduced 
in  its  favour,  we  might  then  have  been  permitted  to  adjust 
the  facts  to  the  theory.  As  the  question  now  stands,  how- 
ever, we  are  to  prove  the  hypothesis  solely  from  the  facts, 
and  therefore  we  are  not  to  object  to  the  facts  merely  be- 

•  Thomfon,  11,  168.  f  Jbii. 

cause 
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do  not  coiiK'ide  wUEi  lb«  Itypoliieiis.  Mr.  Dal- 
lon  nnst  first  [irov«,  tlnit  the  anatync!)  are  in  correct,  and 
must  rectify  tliem;  lie  must  then  compare  them  with  the 
hyixttheoia,  and  if  th«y  ^nerally  coincide  with  it,  he  may 
adduce  them  as  ur^umeot*  in  it*  fuvour.  lit  ihe  neau  time, 
takiiii-  the  facts  as  they  now  txist,  I  think  we  are  warranted 
in  concluding,  thAt  they  are  not  favoorubte  tDtliehypotheai*. 

Alice  Ihi.  a..i.umtio.,  of  Mr.  D.ll.n'.  .rgraeol.  [i>  „.„„., 
Biipporl  of  hill  ojiinion,  1,  ahall  con(;1ude  with  some  further  uQiie  m  -uti* 
observations  uijon  the  aame  «ubjecl.  In  the  first  place, '""'"" 
although  it  b«  admitted,  that  when  bodies  unite,  a  union 
tnuat  take  place  belwi;en  the  individual  atotnx  of  which  they 
are  coniponed,  yet  it  does  not  follow,  tlmt  this  union  must 
take  place  atom  hy  alomt  it  does  not  follow,  tltst  one  atom 
of  A  iDU»t  unite  with  one  atom  of  B,  or  with  two  atoms  of 
It,  Sec.;  I  conceive  it  equally  probable,  that  tuo  atoms  of 
A  may  unite  with  three  atoms  of  B,  four  alomi  of  A  with 
fivi?  atoms  of  6,  in  nhort,  ihut  any  indefinite  number  of 
stoma  of  A  may  unite  with  any  indefinite  number  of  atom* 
of  It.  By  this  admission  we  should  aruid  one  of  the  most 
rmbarrasding  circumstances  in  Mr.  Dalton's  hypotheais,  iii 
it  nftw  exists,  namely  the  necessity  of  the  greoter  number  of 
atoms  being  ulu'ays  some  multiple  of  the  leif:.  This  idea  ia 
perfectly  cumpalible  with  the  supposition,  that  a  certain 
number  of  atoms  of  A  have  a  greater  tendency  to  unite  with 
B  certain  number  of  atoms  of  B  than  with  ui<y  other  aom- 
ber,  ■Ithouffh  it  does  not  previously  inform  us  vrhat  thet«tio 
ia  between  these  twouunibera. 

My  next  remark  refers  to  the  method,  in  which  the  weight  w«l(ln  at 
of  the  atoms  of  two  bodies  is  attempted  to  be  eatimated  compancQi 
fram  the  quantity  of  each  of  them  that  enter,  into  their  ^J'^X^Jl^.i"' 
compoiiuds.     Admitting  with  Mr.  Dulton,  thai  a  qauntity  the  propot. 
•f  water  consists  of  7  partu  of  hidrogen  and  one  of  oxigen,  JoninomJa. 
are  we  to  conclade  tlial  there  are  an  equal  number  of  utoma 
of  these  two  substances,  but  that  the  atom  of  oxigvo  is  7 
times  heavier  than  the  atom  of  hidroijen,  or  that  there  are 
7  times  as  miiny  stoma  of  the  one  kind  as  of  the  other? 
Mr.  Dalton  has  adopted  the  foimer  of  these  luppusiiioni, 
wherea*  the  Utter  appears  to  me  the  most  probable,     ta 
ferwiug  an  idea  respecting  the  weight  of  an  atom,  we  muot 
V  a  proceei 
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proceed  upon  the  tame  principles  9S  in  other  cases. 
Now  what  is  generally  assigned  as  the  cause  of  the  different 
specific  gravities  of  bodies?  Why  is  a  cube  of  lead  heavier 
CAUMof  spe-  than  a  cube  of  ivory?  The  most  natural  answer  to  this 
diic  c'ivity .  question  is,  that  the  particles  of  lead  are  nearer  together, 
and  therefore  a  greater  number  of  them  ^ill  be  contained 
in  any  given  space.  Whether  this  difference  in  proximity 
be  occasioned  by  interposed  caloric,  or  any  power  of  repul- 
sion, independent  of  caloric,  it  is  not  our  business  to  inquire. 
Now  if  we  endeavour  to  form  a  conception  of  a  single  parti- 
cle, or  what  has  been  denominated  au  atom,  as  a  substance 
not  made  up  of  any  smaller  parts,  and  which  cannot  there* 
fore  be  under  the  influence  of  any  repulsive  power,  so  far 
as  its  individual  existence  is  concerned,  it  follows  that  atoms 
of  all  kiiuls  must  have  the  same  specific  gravity.  If  then 
they  differ  in  their  weight,  there  must  be  a  corresponding 
difference  in  their  siae,  an  atom  of  oxigen  for  example  must 
be  7  times  as  large  as  an  atom  of  hidrogen ;  but  were  this 
the  case  it  could  scarcely  be  r^arded  as  an  atom,  but  as 
m  sobslance  of  considerable  extent,  capable  of  being  di- 
rided  into  still  smaller  parts. 

These  observations,  it  is  obvious,  are  entirely  conjectural, 
and  I  have  only  brought  them  forward,  to  meet  conjec- 
tures on  the  other  side  of  the  question.  My  object  in  this 
paper  has  been  to  point  out  the  insufficiency  of  Mr.  Dal- 
ton*s  hypothesis,  without  attempting  to  substitute  another 
in  its  place;  for  important  as  the  object  is  which  be  has  en« 
deavoured  to  accomplish,  and  ingenious  as  the  attempt  may 
appear,  I  am  decidedly  of  opinion,  that  we  have  not  yet  a 
sufficient  basis  of  facts,  on  which  to  erect  ao  capacious  a 
anpehitrocturc. 

I  am,  Sir,  yours  &o. 

J.  BOSTOCK. 

Knofffiok  Bank,  near  ZJvfrpool, 
Feb.  93rf.  1811, 
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VII. 

Effect  of  Changes  in  the  State  of  the  Atmosphere  on  Mr. 
De  Luc's  Electric  Column.     Communicated   by  Thomas 

FORSTER,   Esq. 

To  Mr.  NICHOLSON, 

jL  Take  the  liberty,  with  your  permission,  of  communi*  Connection  of 

eating  to  the  public,  through  the  chaunel  of  your  JoarDal»  thetuieoftha 

a  curious  coincidence.     The  cltctric  column  of  Mr.  De  ^'"^^^. 

Luc,  haviug  been  described  in  your  pages,  u>  of  course  well  non  of  Mr. 

known  to  your  readers.     The  two  bells  attached  to  the  phi  R®  ^^f*  •**°' 

A  /    I  •    I  •    J   *"•  column, 

and  minus  endof  tlie  column  of  an  instrument  ofthiskmd, 

kept  by  a  relation  of  mine  at  Walthuniktow,  after  having 
continued  ringing  (in  the  manner  'which  has  been  desc^hed 
in  your  journal)  for  several  months,  began  on  the  4th  of 
September  lastto  pulsate  very  irregularly,  and  at  long  iuter- 
vals.  This  irregularity  continued  through  the  month  of 
September,  and  until  the  l6th  of  October,  when  they 
ceased  to  nn<;  entirely.  During  the  period  of  their  hurried 
and  irregular  pulsation,  that  is,  from  the  4th  of  September 
to  the  Kith  of  October,  a  very  peculiar  kind  of  weather  pre- 
vailed, strong  easterly  winds,  very  clear  nights  abounding 
with  small  meteors  commonly  called  falling  stars,  the  hygro- 
meter  rendered  useless  by  the  excessive  dr}'ness  of  the  air, 
and  the  varied  and  multiform  appearances  of  the  ctrrA«i  and 
eirrho-stratus  clouds,  (not  followed  by  rain,  as  usual)  marked 
a  very  remarkable  state  of  the  atmosphere.  On  the  l6th  of 
October,  the  day  on  which  the  bells  stopped  ringing,  a  re«i 
xnarkable  change  of  weather  became  very  evident^  a  strong 
current  of  air  from  the  South,  and  the  prevalence  of  the 
Jpotted  cirrluhstratus  cloud  indicated  the  approach «of  rain» 
which  ensued  during  the  night,  and  rainy  weather  for  seve- 
ral weeks  succeeded.  About  a  week  ago  the  same  kind  of 
weather,  which  prevailed  between  the  4th  of  September  and 
the  l6th  of  October  last,  returned,  the  air  became  extremely 
dry,  the  wind  became  easterly,  and  very  strong,  the  small 
meteors  have  been  again  observed  af  night,  and  the  same 

kind 
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kind  or  cirrhus  cloud  has  pre? ailed»  indicating  a  great  dis« 
turbancc  of  the  electric  state  of  the  atmosphere ;  and  the 
belist  after  having  pulsated  loery  irngularly  for  a  weekf  have 
again  completely  stopped.  Thus  there  seems  to  be  a  con- 
nection between  the  electric  state  of  the  air»  (indicated  by 
the  abovcmentioned  ci re nm stances]  and  the  phenomena 
exhibited  by  Mr.  De  Luc*s  columny  which  is  a  circumstance 
to  which  Mr.  De  Luc  wished  to  direct  the  attention  of  me- 
teorologistSy  which  has  induced  me  to  request  the  insertion 
of  these  observatious  in  your  interesting  journal. 

I  remain,  sir»  yours,  &c. 
Clapton,  Hackney,  THOMAS  FORSTER- 

March  18,  1811. 

JUarch  19. 
P.  S.  It  is  remarkable,  that  the  weather  has  completely 
changed  again  to  day :  on  getting  up  this  morning,  I  ob- 
terred  the  cirrfic  cumulus  cloud  through  the  mist  which 
covered  the  ground,  the  hygrometer  indicated  au  increased 
moisture  of  the  air ;  and  the  beiis  of  Mr.  De  Luc's  column 
again  ring  with  a  regular  but  weak  pulsation* 
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VIII. 

On  the  Nature  of  Oximuriatic  Acid,  in  Reply  to  Mr.  John 

Davt.    By  J.  MuARAY,  Lecturer  om  Chemistry,  Edhf 
hirgh. 

To  Mr.  NICHOLSON, 


SIR, 


Edinburgh,  March  lUA,  181), 


X  SHALL  beg  your  permission  to  occupy  a  few  pages  of 
your  Journal  with  some  remarks  on  the  reply  of  Mr.  J. 
Davy,  in  }  our  last  number,  to  the  observations  which  I  had 
uifered  on  Mr.Davy's  opinion  of  the  nature  of  muriatic  and 
oximuriatic  acids. 

T.  gentleman  6r8t  remarks,  that  1  hove  not  attended  to 
the  distinction  between  theory  and  hypothesis,  but  have 
made  promiscuous  use  of  the  tipo  words,  and  have  hence 

ukeq 
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taVen  an  incorrect  view  of  his  brother*s  opiuionf  which,  he 
adiift,  in  a  theory,  not  an  hypothesis. 

The  free  siutiiticatiun  goiierully  given  to  the  word  theory  General  oseof 
in  chei^^ical  laiigii:i^e  is  so  well  understood,  that  I  did  not  ***•  ^^^^  ***^ 
fuppuse  it  could  have  j^iven  rise  to  any  ambi;;nity  requiting 
to  he  pointed  oat.  Theory»  strictly  understood,  implies,  no 
doubt,  a  principle  esiabliahcd  liy  Just  induction  ir<»ui  indivi- 
dual facU,  and  applied  to  the  ixplanation  of  piienouiena; 
whde  in  an  hypothesis  a  priiH'iple  is  assumed,  wiience 
phenomena  are  attem[)tt'd  to  be  explained.  But  there 
is  an  intermediate  kind  of  reasoning  or  speculation,  in 
which  there  is  partly  generalization,  partly  hypothetical 
assumption — a  principle  being  professedly  inferred  by  in- 
duction, but  requiring  the  aid  of  hyj  otiiesis  to  apftly  it  to 
all  the  phenomena  connected  with  the  subject.  To  this  the 
terms  opinion,  theory,  and  hypothesis  are  often  indiscrimi- 
nately applied ;  and  theory  in  chemical  language  has  more 
frequently  this  signitication  than  any  other.  The  succcbsive 
revolutions  in  chemistry  would  lead  us  to  doubt  indeed  if  it 
can  be  often  justly  used  in  its  more  strict  sense,  implying  e 
perfect  induction,  the  certainty  of  wliich  subsequent  disco- 
veries cannot  change.  The  theory  of  Stahl,as  it  has  been 
Darned,  which  at  one  period  commanded  universal  assent^ 
was  quickly  subverted.  Much  of  the  theory  of  Lavoisier, 
ample  and  conclusive  as  (lie  evidence  appeared  to  be  on 
which  it  is  founded,  umst,  if  late  speculations  btt  just,  share 
the  same  fate.  And  even  thobC  more  partial  inductions* 
which  appeared  to  have  the  utmost  certainty,  are  many  of 
them,  it  now  appears,  doubtful.  To  a  philosophic  inquirer 
this  may  perha|>s  suggest  some  caution  in  applying  the. 
term  theory  in  its  strict  bigiitticaiiun,  and  it  may  guard  him 
against  the  most  common  of  all  errours — an  undue  confi- 
dence in  our  speculations,  and  the  belief  that  the  opinionp 
of  our  day  are  demonstrated  truths. 

Mr.  J«  Davy's  mistake,  and  which  I  should  have  obviated 
in  my  former  paper,  had  1  supposed  any  one  attending  par- Source  of  Mr. 
ticularly  to  the  subject,  and  accustomed  to  scientiHc  deduc-  takeJ^^  '  '^^"^ 
tion,  could  have  fallen  into  it,  and  had  1  not  wished  to  avoid 
holding  out  unnecessarily  Mr.  II.  Davy*s  opioiou  as  purely 

hypothetical^ 
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hypotbeticaly  is  the  fiipposing  this  opinion  to  be  a  theory  in 
the  strict  ^ellse  of  tlic  teriD.     In  stating  the  grounds  of  this 
opinion,  he  exposes  too  very  cK-arly  the  source  of  his  crrour. 
Mr.  Davy,  lie  remarks,  "  combines  oximuriaticacirl  gns  with 
hidrogen  gas,  and  forms  tniuialic  acid  gns.     In  his  theory, 
mnriatic  acid  gas  is  a  compound   of  oximariutic  gas  aad 
hidrogen.     He    combines   oximuriatic   gas   with    sulphur, 
phosphorus,  and  the  metals  ;  and  in  his  theory  the  resulting 
substances  are  comrouncis  of  tlie inflammable  and  metallic 
,    bodies  respvctively,  ami   oximuriatic  .gas.     Here  we   per- 
rei\'e  no  snitpoMlion,  but  a  simple  expression  of  facts,  aud 
this  I  humbly  conceive  is  pure  and  genuine  theory/*      It  is 
of  main  importance  Mr.  Davy  also  remarks,  '*  that  expres- 
sion of  fact«;  he  not   misrepresented.     It  is  of  great  conse- 
quence that  things  be  not  termed  notions,  that  theory  be 
not  considered  as  speculation.** 
Simple  enun-       The  proper  expression  of  the  above  facts  is,  that  from  the 
fict*!"^   *  *  mutual  action  of  oximuriatic  gas  and  hidrogen,  muriatic 
scid  gas  is  obtained,  that  from  the  mutal  action  of  oximu- 
riatic gas  and  inflammables,  or  metals,  such  and  such  sub- 
staticesare  formed.  That  muiiatic  acid  is  a  compound  ofoxi- 
muriatic  g^  with  hidrogen,  or  that  these   substances  are 
<^6mpouDds  of  oximuriatic  gas  with  the  respective  metals  or 
infTamaiables, are  inferencts,  which  may  be  true,  or  may  be 
In^reneM^e-  false.     They  appear  no  doubt  to*  be  the  most  direct  infer- 
these  may  or    ^'^^^'^S  but  the  most  obvious  and  direct  conclui^ion  from  an 
snaf  not  be     experiment  may  not  always  be  the  j«st  one,     Tlie  shortest 
"■'**'  way  of  convincing  Mr.  J.  Davy  of  this  uill  be  to  ^tate  to 

him  in  the  very  form  of  expresbion,  which  be  employs  ia 
the  above  quotation,  conclusions  which  he  cannot  admit.  I 
forabine,  1  may  bay,  oxide  of  mercury  and  muriatic  acid, 
and  form  calomel.  I  conclude  therefore,  that  calomel  is  a 
compound  of  muriatic  acid  and  oxide  of  mercury.  I  com* 
bine  muriatic  acid  and  potash,  and  by  dissipation  of  the 
water  I  obtain  a  solid  product,  which  1  consider  as  a  com- 
f>ound  of  the  muriatic  acid  and  potash  :  and  I  perceiye  in 
these  conclusions  no  supposition,  but  a  simple  expression  of 
fkctd.  Mr.  Davy  will  iw  this  however  soon  correct  me,  and 
ioformme  not  merely  that  they  are  suppositions,  hut  conclii- 
rfopa  altog^thpr  fal^e.     He  will  perceive  therefore,  that  the 

Inference 
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iiiftirence  which  appears  most  obrious  and  direct  is  not 
always  just,  that  it  is  sometimes  necessary  to  take  a  moro 
extensive  or  deep  view,  and  will  perhaps  be  convinced,  that 
he  has  erred  in  the  notion  he  has  formed  of  the  kind  of  ia« 
ductiou,  which  cunstitutes  a  (genuine  theory. 

The  cause  of  errours  such  os  this  is,  and  which  hat  long  Enour  from 
been  rccojjiiized  us  the  fertile  source  of  false  speculations  iu  coiwiSerauoft 
physics,  id  the  taking  into  view  only  part  of  the  facts  which  only  pant  of 
belong  to  the  bubjcct — ^those  which  appear  most  favourable'"^      *• 
to  our  induction,  instead  of  takin<^  the  whole  into  consider* 
&tion,  and  from  this  general  view  formin<r  the  most  proba^ 
ble  conclusion.     If  the  facts  nhov?  quoted  from  Mr.  Dav^ 
were  all  that  are  connected  with  the  quest  ion  9  his  conclu^ 
Kions  miprht  appear  to  be  jost.     But  there  are  others  equally 
connected  with  it,  to  explain  which,  various  hypothetical 
axsnmptions  must  be  made,  the  probability  of  which  ought 
to  be  considered,  and  the  whole  compared  with   any  other 
induction  that  may  be  formed. 

Thus  in  distilling  muriatic  acid  from  black  oxide  of  maa«  Formation  of 
ganese,    the  oxide  loses  a  portion  or  its  oxigen,  the  mun-  ^^  f^p,  „,„. 
atic  acid  disappears,  and  oximuriatic  acid  is  obtained.     The  r^^fic  acid  and 
direct  conclusion  from  this  experiment  (and  it  is  equally  di«  2^^^^^ 
rect  with  Mr.  Davy's  conclusion  from  the  experiment  of  de-» 
tonating  oximuriatic  gas  and  hidrogen)  is,  that  theoxigenof 
the  oxide  has  combmed  with  the  muriatic  acid,  and  formed 
the  oximuriatic;  and  to  obviate  this  he  is  obliged  to  suppose^ 
that  the  oxi;>;en  of  the  oxide  combines  with  the  hidrogen  of 
the  acid,  forming  water,  and  setting  free  the  oximuriatic 
acid.     If  we  expose  liquid  oximuriatic  acid  to  solar  light, 
oxigen  is  expelled,  and  muriatic  acid  remains ;  and  the  most 
direct  inference  from  this  is,  that  oximuriatic  ocid  is  a  com* 
pound  of  muriatic  acid  and  oxigen.     Mr.  Davy  must  have 

recourse  to  a  less  obvious  ezphuiation,  and  suppose  a  portion 
of  water  to  be  decomposed,  its  oxigen  disengaged,  and  iti 
hidrogen  combined  with  the  oximuriatic  acid.  And  he  had 
no  proof  of  the  formation  and  decomposition  of  water  in 
these  experiments,  farther  than  that  they  must  take  place,  if 
his  theory  be  true. 

If  we  consider  therefore  thete  two  opinions  under  differ^  Both  expUru- 
entaipectsi  if  vrt>et  out  at  it  were  from  different  points,  |i^"l*^>lto<^- 

each 
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Bothexphna.  ^'^^^  ^^^^  appeur  an  induction,  which  to  apply  to  all  the 
tions  h^pochr-  phenomena  farther  requires  some  hypothetical  assnmptious. 
Considering  the  experiment  of  the  production  of  oxitiiuriiitic 
acid,  by  ditttdling  muriatic  Hcid  from  substances  which  im* 
part  oxigen,  the  mobt  direct  conclusion  is,  timt  it  is  a  com- 
pound of  oxigen  and  muriatic  acid,  but  lo  apply  this  m  ex- 
plaining the  agencies  of  both  acids,  it  is  necebbMry  to  Mip- 
pose  in  bome  cases  changes  to  occur:  the  formation  or  de- 
composition of  water  for  exMrnple,  of  which  we  have  no  in- 
dependent proof.     Considering  on  the  other  hand  the  txpe* 
limeut  of  the  mutual  action  of  oximuriutic  and  hidrogen 
gasses,  the  moft  direct  inference  is,  that  muriatic  acid  is  a 
compound  of  these  substanct^s;  but  in  adopting  this  oa  the 
basis  of  a  theory,  it  is  equally  necessary  to  advance  suppo* 
sitions,  and  in  particular  to  suppose  without  any  actual 
proof,  that  in  different  cases  water  is  formed  or  decomposed. 
These  suppositions  are  not  always  required  in  the  two  sys- 
tems in  relation  to  the  same  fact;  but  still,  wherever  an  hy- 
pothesis is  required  in  the  one,  a  corresponding  hypothesis 
will  be  fuund  necessary  in  some  part  of  the  other.     They 
occur  on  the  whole  just  as  frequently  in  Mr.  Davy's  s^'stem 
as  in  the  opposite  one,  and  they  areasUttle  supported  by  ac- 
tual proof.    He,  for  example,  has  no  better  proof,  that  water 
IS  formed  when  muriutic  acid  is  distilled  from  black  oxide  of 
manganese,  than  I  have  uf  its  formation  in  the  mutual  ac- 
tion of  oximuriatic  gas  and  hidrogen,  or  that  it  is  decom- 
posed when  oximuriatic  acid  is  exposed  to  solar  light,  than 
1  have  of  its  decomposition  when  a  metal  is  acted  on  by 
muriatic  acid  gas.     The  two  opinions  are  perfectly  alike 
with  regard  to  the  evidence  on  which  they  rest  derived  from 
the  above  facts;  and  to  select  in  one  of  them  tiiat  pa*  t  where 
the  induction  appears  direct,  and  take  it  for  granted  that 
is  true,  the  hypothetical    assumptions,    which    roust    be 
farther  made,  necessarily  follow  :  hut  to  pursue  the  reverse 
method  with  regard  to  the  other,  to  represent  it  as  an  hy|H)- 
thesis,  by  bringing  forward  the  parts  which  require  the  as- 
sumption of  hypothesis,  and  neglect  or  reject  the  more  di- 
rect induction,  is  a  mere  sophism.    This  is  exactly  what  Mr. 
J.  Davy  docs,  no  doubt  without  being  aware  of  it,  hiserrour 
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arising  from  the  confined  aod  partial  view  he  has  taken  of 
the  subject* 

All  this  is  so  obvious  that  some  apology  it  doe  to  your 
readers  for  having  iilubtrated  it  at  any  length.  This  hat 
however  been  rendored  necessary  by  the  tone  this  gen* 
tieman  has  assumed  through  the  whole  of  his  observations* 
He  lies  held  out  the  opinion  of  iiis  brother  as  a  genuine 
theory  resting  on  indubitable  evidence,  and  has  thought 
hiuibelf  at  liberty  to  represent  the  reasoning  I  have  employed 
as  mere  speculation,  and  the  explanations  I  have  given  at 
uniformly  hypothetical,  and  having  on  this  account  no  pre* 
tensions  to  be  put  in  contrast  with  the  others,  lie  will  now 
perceive,  that  the  subject  may  be  presented  under  a  different 
light;  and  he  will  not  perhaps  again  hazard  the  astertioo* 
that  his  brother^  ^  conclubious  are  not  tainted  by  the  slight- 
est admixture  of  hy  pothesis.'*  Least  he  should,  permit  me 
to  add  one  or  two  illustrations,  which  are  besides  not  uocon* 
nected  with  the  subject. 

On  adding  to  nitrate  of  mercury,  muriate  of  soda,  nitrate 
of  toda  and  calomel  are  forii:ed;  chemists  have  therefore fj.^^"!*'?* 
been  accustomed  to  conclude  by  rules  of  evidence,  which  by  moriiat  tf 
they  thought  sufficiently  certain,  that  the  nitric  acid  com-'*'*^ 
bines  with  the  soda,  and  that  the  muriatic  acid  combines  with 
the  mercurial  oxide,  forming  the  calomel.     According  to  Mr* 
Davy*s  opinion  however,  though  the  nitric  acid  unites  with 
the  soda,  the  muriatic  acid  does  not  unite  with  the  oxide, 
but  these  substances  decompose  each  other,  the  oxigen  of 
the  oxide  unites  with  the.  hidrogeii  of  the  acid  and  forms 
water,  and  the  calomel  is  a  compound  of  oximuriatic  acid 
and  metallic  quick&ilver.     Again,  on  adding  muriatic  acid  Marittie 
to  potash  we  form  muriate  of  potash,  and  on  exposing  thit^fii,       ^^ 
product  to  heat,  so  as  to  obtain  it  dry,  we  have  hitherto  be* 
lieved,  apparently  on  very  strict  induction,  that  the  water 
was  expelled,  and  that  the  dry  product  is  a  compound  of 
muriatic  acid  and  potash.     But  in  Mr.  Davy's  new  sys- 
tem it  it  supposed,  that  the  acid  and  the  potash  decompose 
each  other,  the  oxig^n  of  the  one  and  the  hidrogeu  of  the 
pther  combine  aod  form  water,  leaving  a  compound  of  oxi« 
muriatic  acid  and  potassium.     On  dissolving  this  in  water 
pew  changes  occur,  the  water  it  dccomposed|  the  potattium 

receivet 


^1)0  off  tmt  ITATVIIfe  6t  ^XfXDKIAflC*  ACJ». 

VM^v«a  iMiigi^nf  th^  oximuriatic  acid,  hidrogen,  «hd  a  c»ui- 
poAiiiJ  of  inuriutic  acid  and  potash  is  again  formed.  Who 
doefi  not  iwtcf'ive  in  all  this  abundance  of  hypothetical  as- 
a^imp Lions  ?  a>^unipiions  I  have  no  hesitation  in  sajing  more 
^atuitous  and  more  complicated,  than  any  required  in  the 
oppCAtte  system  A  or  perba[)9  in  any  other  chemical  speiu* 
laticn. 
f  \Mp«»T!soa  of  Mr.  Davy's  opiniou  then  I  regard  as  an  hypothesia^ :  the 
tb^TfT  '^^^*'  ^P**^**^"  I  have  nnaiutained  I  have  also  distinctly  admitted 
in  wy  former  paper  to  be  an  hypothesis:  each  rests  on  aa 
apparently  probable  induction,  and  is  capable  of  being  ap- 
l^lied  with  more  or  less  probability  to  the  various  pheu&« 
tficfiat  Placiug  them  on  this  ground  I  considered  and  still 
conAfder  the  common  doctrine  as  superior  in  simplicity',  in 
fecfuiring  Less  strained  and  less  complicated  assumptions,  in 
^rflbrding  explanations  of  facts  which  the  other  does  not  ex- 
plain,, and  in  according  with  the  general  system  of  cVieraic«I 
theory ;  receiving  therefore  all  the  support  which  the  evi^ 
dtSuce  on  which  that  theory  rests  can  give,  while  the  other  la 
unofiEialoos,  and  has  the  weight  of  that  evidence  against  it. 
'^-  )  proceed  to  offer  a  few  observations  on  some  of  the  more 

pttrticalar  topics  of  this  dis^cussion. 
^••1  aei*i  nfj.,  Davy  remarks,  that  \\  hen  I  speak  of  muriatic  acid  f 

VJw^^  noi  «^  oot  mean  the  whole  ponnrrable  part  of  it ;  water  1  con- 
4WrK»l>«''<tse^  nder  as  necessary  to  its  existence  in  its  gaseous  state,  and 
|V*n  y*  ^^  j^  jg  ^^  the  substance  free  from  this  wulcr  that  the  term 

Qsuriatic  ackl  is  applied*  Tlii^  m  my  mpaninir^  But  when 
be  fvrocecds  to  the  interrogations,  has  Mr.  M.  examined  it 
ite  its  insulated  ftate?  has  he  deiscriberl  Its  properties?  or 
Ikas  any  chemist  evor  obtained  it  ?  And  when  from  the  ne- 
gative given  of  course  to  these  he  conclndt's,  thut  I  must  re- 
gard muriatic  acid  gas  as  a  compound  of  an  unknown  basis 
«fn.d  Winter,  he  raises  or  magniSes  difficulties  of  little  import* 
tnce,  or  at  least  not  peculiar  to  this  investigation.  When  I 
lp£CLk  of  real  sulphuric  or  ivilric  acid,  I  mean  the  acid  free 
from  water,  though  it  tnay  liol  Lave  been  obtained  in  that 
si^ate;  and  in  thus  using  lan;^unge  which  is  familiar  to  che« 
miiSts  1  am  not  aware,  that  1  introrluccany  novelty  of  hypo- 
fhrsisi,  'i'he  real  muriatic  acid  I  consider  as  an  acid  from 
Clavin^  reason  to  concludCj^  th(\t  it  exists  in  its  solid  com- 
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ponndi)  netitralizing  the  baser  with  which  it  i*  in  coiubina** 
tion  ;  in  the  wcne  manner  as  I  consider  real  Bnlphuric  qt  ni* 
trie  acid  as  nn  acid  from  knowitig,  that  they  exist  iq  cbinbi* 
nations  free  or  nearly  so  from  water,  exerting  a  similar  neii* 
trailing  power.  Mr.  Davy  may  if  he  pleases  suppoEc  suU 
phuric  or  nitrid  acid  to  he  a  compound  of  an  unknown 
basis  and  water,  and  conclude,  that  the  suppo^^ition  of  the 
existenceof  these  acids  free  from  water  is  "speculutitm  in 
the  strictest  sense  of  the  word/*  Rut  no  chemist  will  fiud 
any  difficulty  in  this.  The  apparently  greater  inflncnf^e  of 
water  on  the  chemical  powers  of  muriatic  acid  than  the 
Other  acids  probobly  arises  from  the  facts  with  regard  to 
die  latter  being  more  fully  developed.  On  this  subject  I 
am  at  present  engaged  in  an  experimental  investigation. 

Mr,  Davy  proceeds  to  examine  the  objections  which  I  hiftd  ImptnbabiliV^ 
offered  to  his  brother*8  opinion.     To    the   remark,    that  |l(g^^*!^iJ|S! 
there  is  some  improbability  in  the  hypothesis  of  two  acidi- 
fying principles,  lie  replies,  that  the  only  legitimate  mode  of 
reasoning  is  induction  ;  and  that  we  are  not  to  jndge  of  Mr* 
Davy*6  views  by  considering  their  probability  or  improbable 
Iity  a  priori,  but  by  a  reference  to  facts.    The  observation 
would   be  just,   were  Mr.  Davy's  opinion  a  theory;  but 
while  it  is  an  hypothesis  the  objection  retains  its  force>  for 
of  two  hypotheses  proposed  on  any  subject,  it  is  fair  in  con- 
trasting them  to  bring  into  view  the  ptobability  a  priori  o^ 
the  principle  of  the  one  compared  with  thiit  of  the  otiter* 
The  concession  that  he  makes,  that  there  is  properly  no 
acidifying  principle,  is  rather  more  in  point,  and  I  have  re^* 
marked  in  my  Elements  of  Chemistry,  in  giving  a  view  pf 
the  theory  of  acidity,  that  the  supposition  oF  acidity  being  u. 
property  rather  derived  from  the  base  of  acid^  ihsn  from  i\'^rhApt  f'T*. 
their  common  principle  is  most  conformable  to  Mr.  JI/uvy*8 
•peculations.     Still  the  similarity   of  oximuriatic  acid   to 
oxigen  so  as  to  class  them  cs  acidifying  principles  is  very 
remote;  for  allowing  it  to  combine  directly  with  any  sob* 
stance,  it  forms  no  acid  in  the  common  deliuilion  of  the 
term,  or  any  substance  analogous  to  aclilii,  but  in  its  sup* 
posed  combination  with  hidroj^cn,  tiie  subject  of  dispute; 
and  the  aridity  of  this,  and  its  analogy  to  the  common  acids* 
Arc  indeed  such  as  to  atford  ou  the  otlier  hand  as  striking  vn 
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anomaly  iu  comparison  with  its  other  supposed  combinsi* 
tioRs. 

To  the  explanation  I  had  ^ven  of  the  want  of  action 
between  charcoal  and  oximuriatic  acid,  that  it  is  owing 
partly  to  the  absence  of  the  water  required  in  the  consti- 
tution of  muriatic  acid  gas,  and  partly  to  the  absence  of  that 
disposing  affinity  exerted  by  the  acid  in  establishing  other 
combiuationsy  Mr.  Davy  replies,  that  it  would  be  less  unob- 
jectionable were  it  less  hypothetical;  that  I  do  not  prove  mo« 
liatic  and  carbonic  gasses  contain  water,  I  only  suppose  it— 
To  this  inistalce  that  the  one  opinion  is  a  theory,  the  other  an 
hypothesis,  I  have  been  forced  to  recur  so  often,  that  it  is 
scarcely  necessary  to  point  it  out.'    Both  are  hypotheses* 
and  if  I  can  explain  a  fact  by  the  principle  of  the  one,  which 
admits  of  no  explanation  by  the  principle  of  the  other,  the 
superiority  of  the  former  is  with  regard  to  this  point  suffi- 
ciently established^-Besides,  the  application  of  the  doctrine 
of  disposing  affinity  alone  aflfords  an  explanation  of  this 
fact.     I  coubider  it  therefore  as  still  giving  a  superiority  to 
the  common  system,  for  nothing  can  appear  more  anoma- 
lous than  that  of  all  inflammable  and   metallic  substances 
none  but  charcoal  remains  unchanged  by  oximuriatic  acid, 
and  nothinsr  can  be  more  satisfactory  than  to  have  a  cause 
assigned  for  this.     Mr.   Davy  considers  it  as  of  little   im- 
portance, though  it  is  this  apparent  anomaly,  and  the  sup- 
posed difficulty  of  accouutiu^  for  it  accurding  to   the  old 
opinion,  which  gave  rise  to  tiit-  new  doctrine,  or  at  least  first 
sugji^ested  the  suspicion,  that  oximuriatic  acid  does  not  con- 
tain oxigen;  he  is  satisfied  with  the  observation,  that  we 
have  no  right  to  expect  from  a  tlicoiy  the  eNplanution  of  ul- 
timate fact^;  that  is,  not  of  cumprehensive  facts  arrived  at 
by  a  generalization  which  cannot  be  carried  farthc-r,  for  the 
fact  in  question  is  not  of  this  kind,  but  of  inilividuRl  facts 
which  the  theory  will  not  explain;  a  very  safe  conclusion,  in 
which  it  may  be  proper  for  him  to  abide.     Thi^,  lie  adds,  is  an 
ultimate  fact,  **one  of  those  whicliconstitute  as  it  were  the 
axioms  of  the  science;**  and  he  add;!,  that  he  is  ^lad  it  is  not 
tortured  by  hypoihetical  explanation.     How  it  Is  elevated  to 
an  axiom,  taking  this  word  in  its  common  sf^nse  of  a  funda- 
mental proposition^  self-evident>and  therefore  not  admitting 
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I      «f  demanslraiion,  I  du  not  nnderetand ;  ftt  ImA  I  do  not  per- 
^Vrire  bow  thi*  drtinition  apfiliei  to  Xhr  ^to|MHilion,   tli«t 
^Pknuiuriatic  ■cid  will   not  vombiiir  wilh  charcoal.     Could 
^nir.  Davjr  ditcover  evmi  a  luppotition  by  wliich  this  fsct 
\      could    be  explained)  I  have   little  doubt  thtit  he   wouM 
gladly  remove  it  fruis  the  eWst  of  wiiiiinjt  ""d  from  the  fu- 
tility with  which  he  odiniis  »o  miuy  oilier  suppoutioui, 
that  he  would  «ubmit  it  even  to  Mme  dejjrecor  lortutc,  to 
hend  It  into  couformity  with  the  tystem. 

On  the  fact  with  regard  to  ihe  influetice  of  water  in  fa-  Artlm  oTw*- 
,«ouriiig  the  diiengngeiiieiil  of  curbonic  acid  from  baies  inj'nnV^o. 
■rilh  which  it  ie  coiubineJ,  it  i»  scarcely  ti^cesMry  tu  make  ttuoi/<xib» 
■dv  observation.  I  *■»»  aware,  thnt  it  nii^jht  operate  by  itt 
Wfinity  to  the  bate,  for  I  had  suggested  thifc  Home  ynnt  ago, 
In  the  ditcuuion  of  the  <]uration  with  regard  to  the  influence 
•f  water  oil  the  conttiiulioii  of  ela&tic  fluids,  in  my  rhemi- 
Ml  cystecD.  Bnt  it  fanlier  e|ipeareii  to  me  probnbtc,  that  it 
■peralea  Ul(e*i-e  by  its  afliaity  to  the  acid,  ai  ihere  is  reo- 
Mn  I  think  to  suspect,  that  the  ageni-y  of  water  is  important 
iHkh  regard  to  all  acids.  It  is  still  liuwever  a  ease  in  point, 
abice  it  is  an  example  of  the  powerful  agency  of  wuter  in 
Modifying  aSuitie«,  anil  of  a  deconiposiiiun  nut  bring  ca- 
pable of  beiuK  eflecled  unless  it  be  luppliei] ;  Hi  welt  as  a 
if  that  a  body,  whether  it  be  an  carlli  or  au  ucid.  cannoC 
be  obtsiaed  iuauluted  from  il*  combinations,  unlena  it  receive 
■be  portion  of  witter  wliich  it  requires. 

The  argumeiii,  thiii  from  the  strong  affinity  of  muriatic  Nsne  waxet 
Mid  to  water  a  portion  of  it  will  be  retained  lu  rumbinatiou  "tuineA'm 
nth  it  in  the  eluitic  state,  I  hold  rulid,  uulwithitundini;  tlie  p,  from  in 
replyi  that  muriatic  acid  docs  not  emit  us  a  gaa  iu  eom- co"«rfuU»- 
biuatioD  with  ditferent  proportions  of  water,  "fur  the  pro-     '' 
portion  of  hidro<reii  gns  produced  fnim  mucidtic  acid  gas, 
^  Acted  onby  different  meials.iiuUny&ihe  same,  whether  it  hits 
^nbeen  exposed  lo  the  influence  ef  drying  salts  or  not."     The 
^Bnfrrence  which  uotild  render  thiii  reply  conclu&itc  docs  not 
Vlbliow;  adinittiOL;  ihat  muriatic  acid  gas  cannot  t-xist  wiih 
'      ditferent  proportion*   of  water,    the    otily    inference  then 
would  be,  that  muriatic  iicid  gas  obuincd  by  the  u«ua1  me. 
_  thods  is  in  as  dry  a  state  as  wc  can  nbtiiin  it  insulated.     But 
I  donbt  altogether  the  alidad  fuct;  fui  Dt.  Henry  fonad 
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by  the  more  unexceptionable  mode  of  the  action  of  electri- 
city, that  recent  muriatic  acid  gat>  aflbrds  Profits  bulk  of  hi« 
drogen,  while  after  the  full  action  of  muriate  of  lime  it 
affords  only  ^^  of  its  bulk*  The  inference  in  the  reasouing 
on  this  subject,  from  the  affinity  of  potassium  to  oxigen, 
arises  from  a  misconception  of  the  theory  of  Berthollet,  og 
which  the  original  argument  is  founded,  so  obvious  tbiit  it 
does  not  require  to  be  pointed  out. 

Mr*  Davy  proceeds  to  some  observations  on  my  experi* 
ments,  en  which  I  shall  offer  few  remarks,  as  I  shall  proba- 
bly have  an  opportunity  of  engaging  in  the  discussion  ol 
this  part  of  the  subject,  to  greater  advantage,  when  bettei 
acquainted  with  the  experiments  brought  forward  in  oppo- 
sition to  those  I  have  btated.  I  may  be  allowed  to  say,  that 
of  the  accuracy  of  the  results  I  obtained,  particularly  ol 
those  which  appear  to  be  questioned,  the  formntiou  of  car- 
bonic acid,  when  carbonic  oxide,  hidrogen,  and  oximuriatic 
acid  gabses  are  submitted  to  mutual  action,  I  am  fully  con- 
vinced. I  had  preserved  the  notes  of  these  experimental 
some  of  them  >»ritten  by  Mr.  Ellis,  others  by  myself,  at  the 
time  they  were  made;  and  iu  all  of  them  carbonic  acid  wsi 
formed,  though  there  often  remained  a  seobible  quantity  ol 
carbonic  oxide,  of  which  1  have  taken  notice  in  my  fiaper. 
How  Mr.  Davy  infers,  that  the  uliole  carbonic  oxide  shouU 
be  converted  into  carbonic  acid,  in  order  to  adroit  the  iu< 
ference,  that  oxigeii  is  communicated  from  the  oximuriHtic 
acid,  I  do  not  comprehend.  It  is  sufficient,  if  a  portion  ol 
carbonic  acid  is  produced.  No  notice  perhaps  is  due  to  tk€ 
remark,  that,  in  one  of  my  experiments  a  small  residue  ol 
common  air  was  observed,  whence  it  is  inferred,  that  the 
conversion  of  carbonic?  oxide  into  carbonic  acid  mi^ht  be 
pwing  to  the  pre^ence  of  atmospheric  air.  Carbonic  oxide 
gas  requir(*s  for  its  conversion  into  carboiiic  acid  by  detona- 
tion with  atmosplieric  air  a  i(.iantity  eqnal  at  least  to  ^2^  of 
its  bulk  ;  and  not  a  twcntictli  of  this  quantity  could  have 
been  introduced  even  in  tlie  most  i.inc-.sratc  mo<]<stTi  which 
Mr.  J.  Davy  may  Kuppose  th»'  'xpevimeiit  to  have  been 
performed.  The  small  portion  <ihseiv<>d  hud  orit^inatt'd 
from  the  minute  quantity  di:*ens:a«jed  by  the  force  of  the 
detonation  from  between  the  sides  of  the  lubeand  the  quick- 
silver, 
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■Hver,  Bhich,  added  tn  wliat  might  he  diiiengKgcd  by  tlie 
trMiiBiiu«aiou  l)iroi)f;h  the  wnter,  and  agitittion  with  it  nllrr 
llif  explcwiun,  and  to  il>c  sli)(litii()iDixiure  lo  oliicball  ela*- 
tic  tluids  arv  tiublt,  (cxprtised  ta  one  of  Mr.  Dnv^'s  qwb 
cx|u;rtnieuU,  by  the  f>liru>e  of  *■  uo  rauie  irapurily  thau 
taif^'l  be  fX|i«ctt:d  la  thcuir  lu  the  gaKses],  bod  farmed* 
((iiaiaiity  cMpitlilc  ol'  lji;iii^  diiciivured.  It  cuuld  abviouiijr 
(JclTHct  notliing  from  the  coiiclusiveiies^s  ot*  the  expert* 
nieut,  independent  ol' ihe  cifcmaitaiice,  ihai  it  waa  not  ob- 
served in  ihe  mure  decisive  espenmeut  of  the  slow  tautiul 
:tiou  of  theHe  gsMes. 

He  i»  willinjj  to  admit  the  atrcuracy  of  my  esperimenta. 

fiu  as  Ihey  rein!''  to  the  wont  of  action  between  curbonic 

iWide  nud  oximurintic  scid,  when  «r«ter  la  excluded.     This 

4>B  fact,  which,  though  it  prewnt*  an  unomsly  in  the  new  hy- 

is  aotahiiolutdy  hoalile  to  it;  and  I  have,  U  seem*, 

very  eaiinfactoHly  proved"  ihia  nonaction,  nnd  that  wiih> 

It  the  KK^iicy  i>f  water  do  carbonic  or  lounHtii;   gna  •• 

rued,   hut  uiy  cxpcrimpiiti,  which  allurd  resuiti  prcaent- 

g  a  difficalty  iu  the  theory,  are  it  aterua  inaccurate;  aod 

[aide  endeavouring  to  make  this  apparent  by  various  ob- 

rvalions,  Mr.  Davy  mforms  us,  thai  cither  alune,  or  in  con- 

»ctioHwiiii  his  broiherihe  has,  if  not  repeated  them, (which 

ttuid  have  h^en  the  niusi  iliiect  mode  of  proving  ihetr  in* 

Kuracyjt  at  leiut  made  experiments  of  a  iiimilar  kind,  and 

Ith  tery  diflcrent  KBults.     Thuit  he  has  performed  aoine  of 

le  FXperiinetit!)  of  Cruicli^IiHuk  on  the  carburetted  hidro- 

^■n  pieties.     The  Mturcc  of  fatlucy,  which  1  supposed  would  M>. 

iliBvc  been  contended  fur.in  the  preseiici'  ofu  pottiou  of  oxi- 

^en  ill  the    cninpoaitioa  of  tlie-te  ga^ses,  he  seems  to  think 

W  little  iin|M)rt»nce;  the  principal  source  of  fallacy  is  lup- 

foted  to  be  in  the  presence  of  wnter,  ami  he  therefore  laade 

Wie  delonntions  orer  mercury,  and  "  never  obtained  cnrbo- 

IcnciH   ffi%,  thon^h   oximuriatic    gas  in   great  excesn  wwi 

Iflployed."      I  shall  not  lay  any  thing  of  the  eoiirce  of  ful- 

«y,whieh  I  cooceiee  has  given  riiwtn  this  obtervntion,  until 

have  repeated  the  experiiiient  with  the  neceiisary  [irecas* 

o«i.     1  ahall  only  ob^ierve,  that  Mr.  Dnvy  dors  not  directly 

deny, that  carbonic  aelil  ia  formed,  he  has  only  performed  tJie 

experiment  without  obtaioini;  it,  and  be  doea  not  iniorm  hi* 

Vol.  X?^VU1— Avml,  I«11.  X 
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readers  what  were  the  actual  results.  The  hidro^^n  miiBt  of 
course  have  been  removed  by  the  action  of  the  oxinauriatic 
acid  :  What  became  of  the  carbon  }  Was  it  precipitated  in 
the  state  of  charcoal  ?  Or  did  it  remain  in  the  state  of  car- 
bonic oxide?  Ordidthegasses  form  a  ternary  combination? 
and  how  was  the  absence  of  carbonic  acid  established  ?  Yet 
with  all  these  deficiencies  a  result  thus  generally  stated  is 
brought  forward  in  opposition  to  experiments  minutely  de- 
tailed.   Neither  does  he  deny  the  formation  of  carbonic  acid 
in  my  experiment  of  submitting  carbonic  oxide,  hidrogeo 
and  oximuriatic  gasses  to  mutual  action:  he  supposes  its 
formation  owing  to  the  presence  of  atmospheric  air,  as  I 
have  already  8tated>  or  to  the  introduction  of  water  after 
the  experiment ;  the  gratuitous  assumption  being  made  of 
the  formation  of  a  triple  compound  of  carbonic  oxide,  hidro- 
gen,  and  oximuriatic  acid,  by  which  this  water  ^ould  be  de- 
composed.    Hence,  in  the  experiment  made  in  conjunction 
with  his  brother,  ammonia  was  used  instead  of  water  to  ab- 
sorb the  muriatic  acid,  and  it  is  inferred,  that  no  carbonic 
acid  was  formed.     It  is  singular  however,  that  no  attempt 
appears  to  have  been  made  to  discover  this  aad,  it*  non« 
formation  is  inferred  from  the  gas  which  remained  after  ex- 
posure to  water  burning  with  the  same  coloured  flame  as 
carbonic  oxide,  whence  it  is  concluded  to  have    been  thii 
gas,  with   the  intermixture  of  nitrogen   from  the   ammo- 
nia, its  volume  being  admitted  to  be  different  from  that  of 
the  carbonic  oxide  employed ;  and  this  negative  result,  open 
to  such  obvious  iallaoies,  is  placed  in  opposition  to  the  posi- 
tive production  of  carbonic  acid  in  my  experiments.  Lastly, 
after  all   these    experiments  made  without  carbonic   acid 
being  obtained,  and  after  i\\e  labour  bestowed  in  endeavour- 
ingto  prove  experiments  in  which  it  was  produced  inaccurate, 
or  to  account  otherwife  for  their  results,  a  gas  is  discovered 
(the  discovery  of  it  is  mjentioued  in  a  note,  it  having  been 
made  after  Mr.  J.  Davy's  paper  was  written)   wh'.ch  it  ii 
adiDttted  is  capable  of  converting  carbonic  oxide  into  carbo^ 
uic  acid,  and  which  is  procured  from  the  same  materials  ai 
oximuriatic  acid,  and  by  a  process  apparently  not  much  dif- 
ferent from  that  which  is  usually  followed. 
Action  of  hi-       There  remains  one  point  to  which  it  is  necessary  to  give 
KU^xide,  9114 >ouie  consideration.     Mr.  Davy  gives  a  reason  why,  as  be 

an  eposes, 
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^  Buppofics,  the  presence  of  hidrogeo  cannot,  evtin  on  thehypo-oxlmu 
Jiotliesis  I  niainiiiin,  Tuvour  lh«  cotiveruon  of  imrbonic  oside  *'*^' 
o  ciirboiiic  ncid  by  o^iimurinUc  atiJ.  In  gubmitting  the»e 
'  thr^e  guaseii  to  mutual  action,  ibehidrogen,  in  combining  with 
•xigen  from  the  oximurintic,  cnti  form  ao  more  water  than  it 
^([(lired  I<t  t)ie  constitation  of  tliat  portion  of  muriatic  acid 
wbich  this  oxi^jcii  hud  been  combined)  and  hence  there 
superfluouH  water  to  be  aAbrded  to  that  portion  of  mu- 
nalic  acid,  which  remains  to  be  formed  in  tlie  oxi^enation  of 
'^ihc  carbonic  oside  by  the  rerauining  oxiinnrialic  acid.  "  It 
'is  impo»ible  tlit^rcfore,"  taysMr.  J.  Davy  (in  the  ityle 
*rliich  he  (iprniitii  himHcIr  to  uac)  "  that  the  latter  portion  of 

n^urialicacid  can  become  gatieous ; yet  it  does  be- 

accoi'ditig  (o  ihe  experiment,  muriatic  ucid  gas,  wliich 
.  Mitradictiori,  and  by  itielf  a  proof  of  the  iniiacuiacy 

hftf  the  hypothesis." 

This  objection  had  occurred  to  me,  and  i  hud  stated  its* 
Veil  aa  the  oolutiun  of  it  to  lome  of  my  friends.  Of  courte 
1lowever>  a  dilTicnlly  of  this  nature  could  not  be  ur^d 
>fcguiust  the  fact,  that  the  conversion  of  carbonic  oxide  into 
'Mrbonic  ncid,  which  does  not  happen  when  uximuriatir  gas 
»lone  U  uddtd  to  the  former  gas,  takes  place  when  there  ia 
an  addition  of  hidrogt  II.  And  us  l^irtlier  the  difficulty  ap- 
{leared  to  me  capable  of  being  tolved,  1  thought  it  uniieces> 
idry  to  adil  to  the  U'n);lh  of  my  paper  by  taking  notice  of  it. 
Jt  is  explained,  I  conceive,  in  the  follow  ing  manner.     Mori*  FxpUratwo 


•tic  H'-id  gas  may  be  formed  with  a  less  proportion  of  water  j„|„_  ' 
,^Hn  is  necesiary  to  its  fuil  natnralion  ;  the  proof  of  its  exia> 
ience  with  an  inferior  proportion  of  water  to  wiiat  it  contain! 
\t  its  first  disengagement  in  the  usual  process  for  obtaining 
It  I  have  already  stated,  and  there  U  nothing  improbable  iu 
the  supposition,  that  it  may  exist  gsseuus  wiib  t'ven  less 
water  than  can  be  inferred  from  that  proof.  And  in  all  elas- 
tic fluids  small  portionsof  water  I  believe  exist,  of  which  it 
\i  probably  impo^ible  to  deprive  ihem  entirely.  When  a 
nixture,  therefme,  ofcnrbonic  oxide,  hidrogtui,  and  oximu- 
iiitted  lo  mutual  action,  the  hid ro- 
in  attracting nxi;;en  from  the  oxirAriatic acid,  anil  forming 
with  it  a  portion  of  water,  this  water  may  favour  the  pro- 
duction of  a  larger  qnanlily  of  muriatic  acid,  than  the  quan- 
nty  merely  with  which  that  oxigen  had  been  combined,  if 
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any  powerful  affinity  is  at  the  same  time  exerted,  having  i 
tendency  to  produce  that  acid :  now  such  an  afiTuiity  isactU' 
ally  exerted  by  the  carbonic  oxide,  hence  it  is  enabled  U 
operate  with  eflfecty  an  additional  portion  of  oxiniuriatii 
acid  is  decomposed,  and  by  the  communication  of  oxigei 
portions  of  nuniatic  and  carbonic  acids  are  formed.  Thii 
is  farther  aided  by  the  portion  of  water  which  must  havi 
been  contained  in  the  portions  of  hidrogen,  carbonic  oxide, 
and  oximuriatic  gataes,  suffering  these  change?,  even  though 
ihey  had  been  previously  rendered  as  dry  ab  possible.  Ol 
itself,  this  would  not  be  sufficient  to  favour  the  ciecompost* 
tion  of  the  oximuriatic  acid,  but  added  to  the  quautit) 
formed  by  the  oxigenation  of  the  hidrogtn  it  may  be  adequatf 
to  this  eflcct,  to  the  extent  i  huve  stated.  The  opemtion  ol 
this  small  quantity  of  ^ater,  remaining  in  elastic  fluids  ir 
the  driest  state  to  which  they  can  be  brought,  is  very  well 
shown  in  the  results  of  the  detonation  of  hidrogen  and  oxi- 
muriatic gasses,  as  related  by  Mr.  H.  Davy.  Mr.  J.  Davy, 
indeed  tells  us,  that  he  has  seen  this  experiment  made  a 
number  of  times,  **  and  though  correctly  made,  there  is  ni 
condemation  attendiiig  their  union.**  But  his  brother  in- 
forms us,  thut,  when  the  gass^CK  are  mixed  over  water,  in- 
troduced into  an  exhausted  vessel,  and  fired  by  the  flectric 
spark,  there  is  a  condensation  of  from  -re  ^^  tV  of  the  vo1nme« 
I  have  attempted,  he  continues,  '^  to  make  the  cxpt  rimrnt 
in  a  manner  btill  more  reliiitd,  by  drying  the  oximuriatic 
acid,  and  the  hidrogen,  by  introducing  them  into  vesheli 
containing  muriate  of  lime,  and  by  sufi'ering  them  to 
combine  at  common  teanperaturcn,  but  I  have  never  been 
able  to  avoid  a  s^light  condeuFiition,  though  in  proportion  a« 
the  gasses  were  free  from  oxigen  or  water,  thiscondei.KtttioT 
diminishcnl.'*  'I*his  condensation  must  be  owM^g  to  the 
water  remaining  in  the  gases  even  after  the  action  of  muri- 
^  ate  of  lime;  and  it  is  this,  no  doubt,  which  partly  operatef 

in  the  experiments  I  have  re'ated,  and  favours  the  result. 
C'ontcrs'oii  of       AVithout  anv  reference  to  this  experiment  I  would  farther 
into  acid  b\       Observe,  that  the  eoiiversinn  oi  rarhonicoxtde  into  carbonic 
oxiinuriiific      acid,  when  oximuriatic  acid  arts  upon  it  with   the  admis* 
tie  water.  '*'^*"    ^^    ^   hitle   wati  r,    is    roncni.'.ive  against    Mr.   Davys 

hypothesis.     1  lie  only  mode  in  which  the  result  can  be  uc* 
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ciinroriDil}'  to  ihat  bypoihet'iH,  u>  to  aufK 
a  be  il«L'oiii|Kiti<'il.  Thi»  1  hud  nnticipatcd) 
and  bud  obierrod,  thxl  "f  ibis  si]p|jfi*itioii  «e  hiive  not  oiiljr 
no  proof,  but  we  )iavc  Hiifficicnt  tviuoti  Irom  kiionru  facta 
td  feject  it.  "  Water  in  iiol  itBCuinpotcd  by  oxiinuriittic 
acid  fipu,  or  by  carboiiit;  oi\t\ie gai  ;  tliere  ii  iio  leuson  to  eon- 
ctudc,  thatit*  deconipowitiou  i-an  he  «ITi'cted  hy  th«Ir  actioQ, 
when  lite;  an  pr»«tited  to  it  mvely  in  a  m  ned  ttate; 
•nil  ifae  uinre  ubvioua  o|>t^ittion  may  be  regnrded  tut  the 
T«al  one,  ihat  it  uctii  by  iUitfi<iiily  to  aiurialic  ui:id." 

In  aiiawer  to  thie,  Mr.  i.  Dnvy  remurks,  liavi^  me  not 
the  roost  indubitable  evidenceo  of  ilie  drconi^'jiiilion  of 
water  by  okimuriotic  gus?  ■■I'hks  tbie  gas  und  Bteam  toge- 
ther liirough  u  tube  bfated  to  redncw,  oxigfn  gas  «ill  be 
prodnced,  and  muriatic  acid  gtts  formed.  D«lonate  lhi> 
giu  and  hidrogen  to^jcther,  and  a  similar  tormaiion  of  mti- 
riatic  gas  will  tukc  place.  With  the^e  facts  in  view,  who 
can  hesitate  in  asserting,  llml  niiter  is  devompoted  by  oxi- 
muriaiii:  gits,  that  its  hidrogtn  ih  uttracted  by  this  aub- 
Blance,  and  its  oxigen  coiiBcquently  set  frte." 

The  decoiupoBilion  of  oximuriaiic  gas  by  detonation  witlx  Dcionttionaf 
liidrc^en  ^s,  or  ita  cooibiuatioo  with  that  gus,  according  ^a^«^ 
to  Mr.  Davy's  view,  uffordh  no  ptoof  of  the  puwfr  of  wAter  Siogeo. 
to  decompose  it.     Admitting  tlie  d (^composition  of  oxioin- 
rialic  gas  by  nater  at  ignition,  and  Kup|>OBing  that  we  know 
Bothing  ai  lo  the  mutuul  action  of  these  subBtaiiccs  at  low 
itosperaturea,  the  conclusion  would  not  follow,  [hat  at  such 
teniperalurf«  this  d«cnmp(>!>iiion  would  luke  place.     But  to 
■  draw  this  coticluHion  iu  the  very  luce  of  the  fiict  itself  is,  1 
confieu,  a  mode  of  reasoning  Bltot;«iher  ntw  to  inc.     We 
kuow,  that  oximurialic  acid  ik  nut  decomposed  by  water  at 
nfttund  tempernlurea  ;  und  kuowini<  this  1  have  no  heaita- 
'  tioD  \a  usasertiog,  notwithatanding  Mr.  Davy's  indubitable 
lf«videnc(^S  thnt  the  supposition  of  wattrr  being  dacompoted 
-  in  the  slow  mutual  action  of  carbonic  oxide  and  oximuriatic 
tgusea  ia altogether  gratuitous, and  njadetoavuid  adilGcullj', 
wliich  cannot  otherwise  bi;  explained. 

Aad    lastly  let  it  be  lewurked,  itiat  putting  aside  all  Concliuioi 
^st  cxpunmenls  the  two  liy  pothcM»  siill  remajo  at  leuit 
c(iual   groooda.     The  experiioejits  were  aupposed  to 
aflord 
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afford  evidence  in  favour  of  the  common  doctrine  of  the 
nature  of  the  relation  between  muriatic  and  oximnriatic 
acidsy  and  were  the^  proved  to  be  inconclusive^  it  would 
only  fitond  in  the  same  rank  with  the  opinion  advanced  by 
Mr.  Davy  ;  it  can  be' applied,  as  I  trust  I  have  bhown  in  my 
former  paper,  to  the  explanation  of  all  the  phenomena,  and 
to  some  of  them  with  more  advantage  than  the  other  ;  and 
it  ha»  besides,  as  an  hypothesis,  that  superiority  from  general 
conuderations,  which  I  have  also  stated  to  belong  to  it* 

I  am,  with  much  respect. 

Your  most  obedient  serve nt» 

JOHN  MURRAY. 

IX. 

On  the  Produeti<m  of  Hyperoximuriaie  qfPotash,  amtiderei 
wUh  respect  to  Mr.  Datt'i  Ideas  of  the  Nature  ofOxvmu* 
riatic  Acid.    In  a  Letter  from  a  Correspondent. 

To  Mr.  NICHOLSON, 
SIR, 

Iff   Da   *k      "^  ^^^  leave  to  trouble  you  with  a  few  observations  con* 

theory  of  oxi-  cerninp^  the  new  theory  of  the  oxirauriatic  acid  as  advanced 

"*"r«l^*^h    ^y  ^*"'  ^*^y»  more  especially  as  to  its  application  to  the 

hypetoximuri-  phenomena  attending  the  production  of  the  so  called  hyper- 

steof  potaah.  oximuriate  of  potash.     If  you  think  them  worthy  of  a  place 

in  your  valuable  Journal,  I  shall  consider  myself  honoured 

by  their  insertion.     To  Mr,  Davy  I  shall  offer  no  apology 

for  the  freedom,  with  which  I  have  treated  the  subject;  as 

I  am  convinced,  that  that  distinguished  gentlemen  is  more 

anxious  for  the  establishment  of  truth,  than  the  introduction 

of  a  favourite  hy[M)thesis. 

FicuiUrityor       "^^  peculiarity  of  Mr.  Davy^s  theory  consists  in  consi« 

^ii  theory.       dering  the  oxi  muriatic  acid  as  a  simple  substance,  a  peculiar 

add i  Tying  principle  of  a  nature  something  analogous  to 

oxigen.     Muriatic  acid  he  supposes  to  be  a  combination  of 

this  principle  with  hidrogeo.    He  appears  to  me  not  quite 

to 
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linve  maile  wp  hi«  miiid.  wliethfr  tliis  new  compoiiad 
PM,  Uk»  oilier  acids,  iuto  nnlon  wiih  liie  differcni  boam, 
*r  whplhpr  ill  tht>  act  nf  aat-li  union  the  hiilrugcn  is  iigsin 
4ib*tnict<^il :  for  in  one  pinre  hL>  Untes,  "  lliat  tlie  rompoiiml*, 
*■  whic-h  liavi'  btrcii  n^iuully  oumiderv'l  is  mttriaUi,  or  ii« 
I"  drj  rouriaii>«,  aro  iiroprrljr  combinntionii  of  oxim^iriatir 
«  and  with  inflsmtnaklr  finwj*."  tfiti*  selling  o>i(le  any 
aaion  will]  lh<!  mniiuiic  acid  :  tin<l  in  aiiolber  he  uitN'rts, 
ttat  "  onurinte  of  nmnionMi  i»  a  componnd  of  murialie  mkI 
«  git$  with  mnmoniir't. 
'  .The  procc«  for  rormtiig  the  hyperoximuriutc  of  polasli,  Fornwinn  nf 

ie  whieh  I  |jun»o«  to  confine  my  observalious,  iti  rhi».— '"J''""^'""- 
-.,,.."  .  .  ,  nauofpouih. 

Black  nxHie  uT  mangaiKse  la  put  into  n  retort  coimrcted 
tilth  a  WouHc'i  ajiparattit,  into  the  bottles  of  nliich  a  solu- 
tion of  potash  is  poired.  Muriatic  ncid  it  ndJcd  to  ttie 
IBBDganese,  and  heui  applie<I. 

Oximuri^ilic  ucid  pusses  over  and  coniliities  witli  ihe  pol- 
uh  ;  and  after  the  operation  li  completed,  two  distinct  siilts 
are  found  iu  the  bottles,  viz.  /iifperoximnrUle,  and  common 
muriate  of  potnsh. 

The  murintic  add  is  of  course  the  body,  from  which  the  -j-he  „^  ,1,^ 
teimnriatic  io  to  be  dt-rived,  by  some  chiiij[,'e  operated  in  it  oiy  mcouiiii 
by  the  oxide.     The  new  theory  tBvs,  thiit  miiriatic  acid  is  ^  4acuonol oxi' 
combination  of  oximariutic   wiih   hidrogen.     The  oxigcn  "u""'''^"''' 
then  of  the  manganese  combines,  from  eupenur affinity,  with 
'Hu*  nidrogen  to  form  wab^r,  and  thus  liberates  the  oximo- 
;Alie  acid.     So  far  th«  application  might  be  deemed  sati»> 
Cictory,  •> 

Let  m  now  proceed  to  accomit  on  thes-.tme  principles  fortiuttio«  doct 
*he  phenomena  whicb  occur,  when  this  pecnlinr  acidifying  j' 'I'P'' '"*'''• 
jiftticiple  comes  into  contact   with  the  tolutinu  of   potash.  11,^  hrnoroKU 
There  are  t«o  wnyt  in  which  this  may  be  iittempted. — ^\'e  muTiai"  of 
|Bu*tsuppo8e,asMr.  Davy  seems  inclined  lodo,  that  murtof*  ^^ 
tH  potash  iti  a  combinntioQ  of  orintarialic  acid  with  meUtiie 
fotassium,  or  that  it  is  a  cotupuund  of  muriatic  acid  with 
fOttuh. 

Let  it  be  granted,  that  il  is  a  combination  of  oximuriatic'D'ineiil>l«iin 
<cid  and  polnntum.     When  the  oximuriaiic  acid  (the  fonp-  '^^^J^  "I'l'"- 

•  PliU.Tniu.  ISIO;  oi  Jaumtt,  id).  XXVII,  p.  3i'7. 
t  Ibid.  p.  3^:8, 


Utioo  of  which  we  have  accouoted  forjcooiea  into  contact  wuh 
%he  solutioD  of  oxide  of  poiassiumt  we  must  suppose,  that 
part  of  it  from  sufierior  affinity  displaces  part  of  the  oxigen, 
and  combiues  with  the  potassium.  But  how  shall  we  in 
the  tirst  pliftce  account/or  this  partial  action  ?  If  a  superior 
•Anlty  exist  between  part  of  the  oximuriatic  acid  and  pari 
of  the  potasisium,  how  is  it  that  it  does  not  subsist  between 
the  whole  ?  How  is  it,  that  the  whole  oxi^n  of  the  potash 
it  not  set  free,  and  the  combination  consist  of  muriate  of 
potash  only  ? 

But  what  becomps  of  that  portion  of  oxigpn,  which  ia  thus 
liberated  ?  Does  it  unite  with  the  remainder  of  the  oximu- 
riatic acid?  aiid  so  united,  do  they  combine  v\ith  the  re- 
maining oxide  of  potassium  ?  Or  is  it  attraicted  by  the 
already  saturated  oxid^f,  and  that  too  in  the  face  of  a  su- 
perior affinity  ? — This  is  establishing  a  new  law  of  affiiuty 
at  once.  We  assert,  that  part  of  the  oximuriatic  acid  will 
pot  combine  with  the  oxide  of  potassium,  but  overcomei  a 
powerful*  affinity  to  form  a  separate  combination ;  and,  tliat 
another  part  not  only  does  unite  with  the  same  oxide*  bat 
•olidifieft  along  with  it  that  portion  of  oxi^^ea,  with  which 
the  first  part  was  incapable  of  uniting.  To  anomalies,  ort 
more  correctly  speaking,  to  contradictions  like  these,  it 
would  be  difficult  to  bring  the  mind  to  assent,  even  if  there 
were  no  other  means  of  accounting  for  the  changes  in  the 
process. 
Di6kuUies  on  Let  us  now  examine  the  second  supposition,  under  which 
theSd.  this  new  theory  may  be  attempted  to  ba  applied,  viz.  that 

muriate  of  potash  is  a  compound  of  muriatic  acid  and  pot- 
ash* We  must  now  suppose,  that,  when  the  oximuriatic 
acid  first  enters  the  solution  of  potash,  part  of  it  abt- 
tracts  from  the  water  of  the  solution  a  portion  of  hidrogen ; 
and,  being  thus  changed  to  muriatic  acid,  combines  with 
the  potash  to  form  muriate  of  potash.  The  oxigen  thua 
liberated  unites  to  the  other  portion  of  the  oximuriatic  acid, 
and  forms  with  the  remainder  of  the  potgsh  the  hyperoxi- 
muriate. 

Now,  Betting  aside  the  anomaly  of  a  simple  substance 
being  capable  of  uniting  either  with  oxigen  or  hidrogen  to 

a  Mr.  Pavy  sutcs  it  to  be  an  iatenss  afBnitj.    See  as  above,  p.  dSO* 

form 


of  lliPU  t 


315 


form  wilU  «MeH  of  lliPU  an  acid  cauipuwixl,  («  diActiUy 
fif  nliirh  Mr.  Ilucj*  i*  nniire)  ob-ierir  to. wluiaa  uimauouiitT 
able  tnconsiatt-ncy  tliit  Imdti.  We  limt  of  ull  account  Iw 
th«  <ircoii>|H»ition  of  tbe  inuri»br  »<i(l  in  tlie  rrtort  by 
sn  tfiiuity  bi-tnceri  oxif^vn  tinil  hiffrrijfen  Bujitniir  to  thit 
betweni  liiilni);eii  ai)d  oximuriiitic  acid,  and  w*  yow  uvcfitint 
for  ihc  ferniation  nf  the  eulls  ■>}'  an  nffiTiiiy  b-^twi'cii  hidrft* 
pn  aud  oxirnuriutic  acitt  «iipfiior  t«  thit  bcwtpii  hidrojftn 
•nil  oxtgco.  Thin  i»  a  complet'-  (.-iiiJlreclli:tLOii  \a  terms,  aud 
o(  uoiir&e  tbe  bypotbesia  is  ujileuuble  for  u  niomt^nt. 

Thin  inconUBU-iioy,  p«ruiil  me  ta  n-uiarh.  uppcan  upon  Faitheraao- 
thp  fact  of  Mr.  Davy's  own  metooir^.  Be  a«ribe»  tbe  pro-  '"■''• 
dociion  uf  watrr.  wb^n  (nuriatiC  add  g.ti  h  |iitMed  ftP«r 
frtburge,  la  the  tuperior  alTinity  between  niimuriatic  add 
and  lead,  and  tbe  consetfiifnt  union  of  the  iiidrogvn  or  the 
one  and  the  oxi^en  of  tbe  other  * ;  and  bv  accnunle  for  ihe 
,  oiide  of  tin  and  tbe  muriate  of  uniiuouia,  obtained  by  am- 
luonin.  upon  adding  water  to  Libavius'!!  liijuor,  by  a  supe- 
rior affinity'  between  oximvriulic  acid  and  hiilmgmf.  In  the 
fint  plBL'c  Katcris  chmpoitd  btcaute  thr  nffinity  oF  oximun- 
atis:  acid  for  a  metal  i>  grraier  than  the  quiescent  affinilRs, 
taken  together,  of  oximuriaiic  acid  for  hidro^a  aud  the 
tottal  for  oxif{en;  and  in  the  second,  water  is  Jummptaetl  be- 
cause the  atBiiity  of  orimurialii-  arid  for  n  melol  ii  Irst  than 
the  now  divellent  aflinitiea  of  oKtiuuriuUc  acid  for  bidrogea 
and  ibe  in  etui  tor  nxigen. 

fiovt  unle»a  it  cun  b«  ehowo.  that  th«  oxiinuriatic:  acid  bag 
an  aflinity  for  leatl  very  far  inilee<i  superior  to  what  it  has 
Tor  tin  (uhii-h  caiiDot  be  duue.  for  the  ditlerence  is  on  tbe 
other  tide,  and  thus  adiling  to  ibe  difficulty)  it  i»  ptaiut  that 
this  is  us  complete  a  conlradiciiun  as  that  which  we  hare 
ju^t  noticed. 

I  ihunld  nisb  to  enter  more  fully  into  tbis  Hiibject,  but  I 
hnve  already  exceeded  the  limits  which  1  hod  preMriibed  to 
myself.  At  lome  future  time  1  (Day  resume  the  riiacussiou. 

I  trust,   thtit  what  I  have  said  may  have  this  betielit,  that 

it  will  lead  to  farther  investiKHtiuii,  and  thus  prevent  the 

too  haaty  adoption  of  an  hypolh<-<ii>,  not  yet  sutTicieutlj 

gruunded  upon  fiicte  and  expennicnta.  and  the  loo  iuton- 

•  See  19  nbovc,  p.  3S6,  f  lb,  p.  387. 

ai  derate 


914  •*  *n  nuTABiLiTT  or  ms  saubbbt. 

•Mermte  rejection  of  a  theory,  beBotifal  on  Bccoant  of  its 
vnitj  and  Hvplidty. 

I  am,  sir. 

Your  most  obedient  lerrant,  and  constant  readert 

F.  D. 

19th  March,  181 K 


X. 

respecHng  the  IrtitMRty  ^  the  Barberry , 
beris  communis.  By  Mr,  Robert  Lyall»  Surgcmit  Mem^ 
berqfthe  Royai  Physical  Society  0/ Edmbmrgh,  smd  corre^^ 
ponding  Member  of  the  lAierary  mid  Phiiosophicmi  SoeUty 
al  Manchester^    Communicated  by  the  Author. 

liritabnity  of   ZjLLTHOUGH  it  was  known  many  years  ago,  that  the 

the  biiitem.*^ '''''*^  ^^  the  barberry  contracted  when  irritated  by  mecha- 
nical stimuli,  yet  till  the  time  when  Dr.  Smith  published 
his  observations  relative  to  the  subject  *,  our  knowledge  on 
this  point  was  but  incomplete. 
Dr.  Smiih^k         Dr.  Smith,  in  order  to  ascertain  what  part  of  the  stamina 
«sMira«iU    vu  endued  with  irritability,    cut  off  one  of  the  petah 
of  the  flower  so  carefully  as  not  to  touch  the  stamen,  that 
stood   next   it ;  then  with  a  very  slender  piece  of  quill 
he  touched  the  outside  of  the  filament,  which  had  been 
next  the  petal*   but    it   remHined  perfectly   immovable. 
With  the  same  instrument  he  then  touched  the  back  of 
the  anthera,  then  its  top,  ita  edges,  and  at  last  iU  inside  ; 
still  without  any  efFect.«i^But  the  quill  being  carried  from 
the  anthera  down  the  inside  of  the  filament,  it  no  sooner 
touched  that  part,  than  the  stamen  sprung  forwards  with 
great  vigour  to  the  stigma.     From  the  result  of  this  and 
Manner  la      other  experiments  Dr.  Smith  concludes,   **  That  the  mo* 
which  he  le*    tion  above  described  was  owing  to  a  high  degree  of  irritabi* 
(oanuiorit.    jj^^  -^  ^^  inside  of  each  filair^nt,  next  the  germcn,  by 

which,  when  touched,  that  side  t>ecomes  shorter  than  the 
other,  and  consequently  the  filament  is  bent  towards  the 

garmen.*' 

a  PluL  Trans,  for  178$. 

Bonnet's 


0?t  VBK  laMTUttlTV  or  Tat   BUtSKHT. 

BonnM't  opinion  iH  quite  in  oppMltion  tn  Dr.  Smith'*;  for  Banart'iopi- 
"he  liiiTiIti,  tlul  tiie  iiiovemeiil  of  the  sixiiiiiiu  ol'  the  boi-  •'^■ 
lurrry  f.o  irurli  rm-mbles  the  motion  ot  a  »priii([  which  uif 
fcmd*  itM-ir,  that  it  cannM  be  nttnliuinl  to  irriubitily;  m 
opinioD  certuiiily  ibal  ntjuircs  only  the  evidence  of  aceing 
the  MfwrimPiit  petfotmed,  lo  refute  it  entirely.  Would 
^eii  the  inobt  Hoitir  sprirf;,  formed  like  the  utamina  of 
the  barbtrry.  and  like  ili-m  ■l«o  simply  filed  byotieeiid 
{as  if  one  end  of  the  spring  were  imikd  t«  m  boBrd,  and  not 
0x('d  hy  any  other  merhanicnl  cuulrivanre)  titove  when 
Bicrrly  Touched  gently  at  a  partictilBr  piirt  of  the  fined  end  f 
cerluii.ly  not.  It  niuy  be  oliservet!  indeed,  that,  ifthe loose 
nd  of  the  sprin;^  were  touched  gctitlyi  a  vibratory  motion 
would  be  produced  ;  but  this  motion  i*  very  different  from 
the  |;ruduiil  and  Mfady  movement  of  the  stamina  of  the  bar- 
berry.— Why  then  employ  such  an  hypothesit,  lo  account 
for  their  niotion»? 

Seuutbier,  wlien  trratinji  of  tlie  barherrj-,  epeHlttthui;  ScnofUet*! 
••  It  has  not  yet  been  proved,  that  tlie  movement  of  the  '"O"!"  •■  it" 
■t&miufiia  aceompanied  with  the  cuntruclion  of  the  filamenta, 
which  nevertlicleki  na«  ihe  firit  proof  oeccBHary  lo  have 
been  given,  iti  order  lo  escrtaiii  tlici'  irritability  ;  it  ii  not 
yet  even  well  known,  which  is  the  irritable  part  of  the  filo 
■neiits,  and  nhelher  it  be  oidy  their  buse,  as  Smith  has  had 
the  add  rets  to  discover-"  Huw  Seiinehier  came  toexpreu 
himself  in  thia  ambiguous  manner  is  to  me  a  matter  of 
■urprise, — Indeed  the  diH'erent  parts  of  ihi a  sentence  teem 
to  contradict  each  other. 

Dr.  Smith,  as  we  hme  seeni  has  stated  tn  a  very  perspi- 
cuous and  definite  manner,  that  the  inside  of  the  base  of 
the  filament  ponfossea  a  high  degree  of  irritability ;  and 
bit  experiment,  which  I  have  quoted,  shows  evidently,  that 
this  part  only  is  irritable.  He  has  said  also,  that  one  aide 
of  (he  filament  becomes  shorter  ihun  the  other.     Why  thm  '^^M 

U  it  stated  by  Senoebier,   that  we  even  do  not  well  know  ^^| 

which  ii  the  irritable  part  of  tile  tilnmi^nls,  and  whether  it  ^^| 

be  only  their  base,  ai  Smith  hat  had  the  address  to  discover  f 
Why  does  Sennebier  coDf'eEa,  tliat  Smith  has  had  ihr  ad- 
dress to  discover,  that  (he  base  of  the  filament  only  is  irri- 
taljle,  immediately  after  he  has  asserted,  that  wc  are  igno- 
rant 


Dr.  SniiLh*ft 
expcrimenti 


andTiiied. 
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r«Dt  regsrding  the  irritable  part  of  the  filament  ?  Certainty, 
Seunebier  did  not  doobt  the  accoracy  of  Dr«  Smithes  ob* 
oervationt;  and  h^d  he  repeated  the  Doctor^s  experiments 
before  he  wrote,  I  tbink«  he  would  never  have  treated  of  the 
irritability  of  barberry  in  the  manner  which  he  hat  done. 

Some  of  the  above  remarks  were  written  last  year,  at  a 
-period,  when  it  waa  not  in  my  power  to  repeat  Dr.  Smith*s 
eacperimentfl.  This  season  however  presenting  ample  op- 
portunity for  the  purpose,  I  readily  embraced  it ;  and  now 
it  is  with  ijleaaure  1  state,  that,  on  comparing  my  remarks 
with  those  of  Dr.  Smith»  they  perfectly  coincided.:  and 
that  I  have  no  hesitation  in  saying,  that  the  ioaide  of  the 
base  of  the  filament  is  the  oii/y  irritable  part  of  the  •!»■ 
«ina. 

To  ascertain  the  latft  mentioned  point  clearly,  and  that 
]  might  be  allowect  to  expeiiment  easily,  I  cut  or  puUed 
oif  the  csilyx  and  corolla  from  a  number  of  flowera :  and»  not 
being  careful  to  avoid  irritation,   the  contraction  o{   the 
stamina  always  took  place.— -In  a  few  minutes  after,  bow* 
ever,  the  stamina  completely  expanded :  and  then  I  repeated 
Dr.  Smith's  experiments  aa  well  as  others^  sometimes  with- 
out detschiog  tJie  flowers  from  the  bush,  at  other  times  «ilb 
flowera  which  I  had  carried  to  my  roons* 
The  motion  of     The  motions  of  the  stamina,  1  observed,  were  performed 
takes^i»ce*     ^'^^  ^  much  vigour  under  wuter,  as  when  the  flowera.  were 
under  water,     growing  on  the  bush. 

Thej  will  con-     ^  likewise  ascertained,  that  the  stamina,  afiter  being  once 
tfict  a  2<1  time  contracted,  were  capable,  in  healthy  flowers,  of  undergoing 
nates.        '     *  second  contraction,  after  an  interval  of  five  minutes,  or 
sometimes  in  a  much  shorter  period. 

At  a  future  tinie,  I  intend  publishing  the  result  of  my 
eiperiments  on  the  barberry  with  chemical  stimuli* 


!i 
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STiraA  of  a  LtlUT,from  tht  Rev.  JtniK  Brinxlit,  D.  D. 
F.  R.  S.  Andrmt  Pyoftiior  of  Atlronomf  in  ihr  Vniverti1§ 
•f  Dmbttn.io  tht  Rtv.'Svtti.  MA»iti.i.r  h€,D.D.  f.H.S. 
AilrvHotiur  RoytU,  on  ike  maimai  P«raliiu  ^a  Li/rtt, 

SL  have  now  had  sufficient  expFr)e(i<!«  of  my  ejgln  fm 
circle,  to  lie  htglily  wkiiififii  with  it,  and  have  arrived  nt  one 
conrliision,  that  it  m  »i   imporlunce  iii  ■straooiny. 

My  observation*  on«  Lytic  for  the  luirpote  of  dhcoivring  Annu»i  p«ii. 
%n  apiiuul  parsllBK  iiuw  DtnouDt  to  47  i"  natober,  viz.  38 ''^*''*l9*>> 
near  o|ipo8itioii,  Mid  15  near  coiijuiiction,  and  the  mean  «f 
Iheie  i;iveB  a  remit  of  'i-sj"  at  the  pnrallax  «f  tl>«  annoat 
orbit  for  thai  atur  ;  and  1  huve  no  doubt,  that  it  exceeds  o". 

My  obwrifiiitons  of  different  tircuni polar  sturi,  otid  of  the  p^  Bnji«"i 
aArne  ttar  in  ditFertiit  BtaiM  of  the  thermometer,  aefm  to  fnrniuUIW 
require  s  imalt  alleraiioti  \a  the  otiinberB  of  l»r.  Bmdiey's  "f"*'"*" 
formula  for  refraction. 

The    formtiln    to    altered   n— BerrnniAii    =:  56-9'  X  attttA 
tang.  <  Zen.  diii. —  3-2  Refr.  }■  \ x 

By  ftiean^  of  this  formula,  the  obaerrations  of  circiimpoUir 
Stan  considerably  dintant  give  the  autne  coUlitude  to  • 
great  degree  of  axactnws. 


SCJESTIFIC  NEWS. 

J^.T  the  meeting  of  the  Wemerinn  Natural  HiBlory  Soci>  , 
■ty,  at  Ediuburi^li,  on  the   I9th  of  January  iBBt,  Profeewr  cVei,""*"  "" 
Jatnet>on  rend  the  firat  part  of  a  seriei  of  observalioni  on  the 
pxiifnoitic  relations  of  the  rocka  in  lh'.- island  of  Arran.     In  ^  . 

tfai*  niirinoir  h«  describrd  particularly  tlie  f(ranit«-,  ^leiss,  Amn. 
*  tnira-alnle,  iMid  clay-aluiv-forinaiioux,  and  alio  the  ml  Mn4- 
'  iloiMand  iXirphfTj-nlHte,  which  ocinir  ao  abnndantljr  in  ihst 
bbnd.     Wlicu  deivribiag  the  granite,  he  atalcd,  >i  a  cosa 
jeclure 


g|g  8CIBNTIPIC  ITBWS. 

Ihttfto  per-     jectare,  that  quartz  mi^ht  prove  to  be  an  older  formation 
^1^*^?       than  granites  becaose  the  oldest  granite  contains   mnch 
quartz*  but  little  nice,  and  less  feldspar  than  the  newer  Ta«- 
rieties.     He  pointed  out  several  observations  to  be  made, 
with  the  view  of  verifying  or  of  refuting  this  conjecture. 
In  his  description  of  gneiss,  he  alluded  to  the  veins  of  gra- 
nitic gneiss  which  traverse  it,  and  which,  when  the  gneiss 
and  granite  are  in  contact,  have  been  repreteuled  as  veins 
of  granite  shooting  from  the  subjacent  into  the  superin- 
cumbent rocks.    The  red  sandstone  the  professor  appear- 
ed inclined  to  refer  to  the  first  or  old  red  sandstone  of  Wer- 
ner.    When  describing  its  strati6cation  and  structnre,  he 
pointed  out  the  appetirunces  that  ought  to  be  attended  to 
DlMclisaind  in  endeavouring  to  ascertain  the  dip  and  direction  of  strata, 
^  and  particularly  cautioned  observers  against  confounding 

the  structure  of  individual  strata  or  beds  with  the  direetioa 
and  dip  of  the  strata.  The  numerous  fissures  that  traverse 
the  sandstone  of  Arran,  and  which  exhibit  every  variety  of 
nagoitude,  direction  and  dip,  afibrded  apt  illustrations  of 
Werner**  theory  of  veins.  The  porphyry-slate  the  Profes- 
sor described  as  appearing  in  the  furin  of  overlying  conical, 
or  irregular  tabular-shaped  masses,  resting  on  the  red  sand- 
stone, also  in  veins  traventing  granite,  siindstone,  greenstone, 
and  other  rocks.  He  gave  a  description  of  some  tabular 
mH<«ses  of  this  rock,  accompanied  with  pitchstone  and 
cliystoue,  contalucd  between  strata  of  sandston«*,  and  which 
might  he  confounded  with  beds  ;  but  which  he  was  inclined 
to  consider  merely  as  lateral  branches  of  veins,  or  as  slightly 
inclined  veins. 
Geognosy  of        ^^  ^^^  ^^^^  meeting,  on  the  2d  Of  February,    Professor 

Arnnconti-     Jameson  read  the  continuation  of  his  min»T(ilo;£it.'nI  observa- 
aued. 

tions  on  Arran.     He  tirsi  detailed  the  t^cot^.ioatir:  nrlations 

of  the  floetz  greenstone  of  that  island.  From  this  account 
it  appeared  to  occur  in  overlying  mab.st's  restinj^^  on  sand- 
stone, in  beds  in  sandstone,  and  in  veins  that  traverse  sand- 
stone and  other  rocks.  He  next  described  the  various  kinds 
of  pitchstone  thnt  occur  in  Arran,  and  schemed  to  think 
one  of  the  varieties  was  $o  well  marked,  that  it  mi^ht  con- 
stitute a  distinct  subspecies  of  the  pitchstone.  I'he  account 
of  its  geognostic  relationi  afforded  a  detail  of  many  curious 

geognobtii' 
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«pp»rancea,  in  particular  the  itruclure  of  itt 
vatiMf  and  the  nature  of  the  int«rposeJ  tabular  mBaaea,  bav> 
tag  many  a(  tlii;  charuclen  of  bed«,  yet  oppeariog  lo  be 
cither  nearly  horijsontal  veins,  or  lateral  branches  of  con- 
mon  veiut.  The  claystone  of  Arraa,  tihu-h  traa  next  dc- 
•cribet),  appeared  to  occur  in  overlying  uiumm  along  with 
tlic  porphyrynlate,  and  aino  in  vpiqs  along  wiih  pitchatooe 
'  and  porpliyryilate.  Ic  would  teem  that  wacke  and  baialt 
are  nut  very  frequent  or  abundant  rocka  in  Arran  ;  but  wboo 
they  are  objierred,  they  preicnt  the  usual  appearaucet  and 
(eognostic  ri;lationa. 

From  the  observations  in  theae  two  tnenioin  it  appears, 
that  thii  iiland  contain*  no  transition  rocki;  but  ia  princi* 
pally  composed  of  primitive  and  Qoelz  rocks.  The  alla- 
vial  rock*  that  occur  in  the  valleya  preteat  the  nsual  cbB> 
racters  of  the  rorka  of  this  claM. 
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Mr.  Singer  iaforma  m^,  that  be  baa  prepared  aone  novel 
apparatu*  for  the  application  of  common  eleclrical  powers 
to  the  purpose  of  cheiniuni  analysis,  for  the  illustration  of 
hig  lectures  on  the  chemical  agencies  of  electricity,  tbe  first 
•f  which  will  be  ^ven  on  thursday,  the  1  lib  of  april.  lUs 
galvanic  battery  exposes  upward  of  14000  square  inches  of 
xiuc  surfiKC 


TO  CORRESPONDENTS. 
Mr,  Gowak'i  paper  was  too  late  for  insertloa  in  tbe  pre* 
icnt  n amber. 


Page  197.  Hn'  *2(  for  hypothesis ;  for  the,   read  bjpo* 
thesis.    Farther. 
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On  UU  Gaseous  Combinations  of  Hidrogen  and  Carbon: 
Bjf  Thomas  Thomson,  M.  D.  F.  R.  S.  E.  • 

JL  HE  gassed  formerly  distingukhed  bjr  the  name  of  heavif  Gaseous  com- 
injammabb  airs^  which  are  cTol^ed  doriog  the  distillation  ^^tU!^^ 
of  most  animal  and  Tegctable  substances,  differ  so  much  carbon. 
itom  tM/Sti  other  in  their  properties,  that  it  has  been  hitherto 
imporiifile  to  redace  them  under  a  small  number  of  species. 
WhMh'  bnrnt,  they  all  yield  carbonic  acid  and  water,  and 
of  conrse  contain  carbon  and  hidrogen ;  bat  the  proportion 
of  these  bodies  formed,  and  of  oxigen  consumed  during  the 
eombnstion,  raries  tery  much  at  different  times.     Many  of 
these 'gasses  have  been  examined  with  much  address  by 
Cmickshank,  Dalton',   and  Henry.      Berthollct  also  has 
examined  ^them  at  different  times,  And  published  Tery  in* 
gcnions  dissertations  on  their  composition. 

From  a  great  many  experiments  on  these  gasses,  at  dif*  Their  differ- 
fcrent  times,  and  in  different  states,  I  hare  conTinced  mr^  ^^^^^P^"^ 

'  '  ^    much  on  the 

self,  that  they  usually  hold  an  empyreumatic  oil  in  solution;  presence  of  oif^ 

and  that  the  differences  in  their  specific  grarity,  and  other 
properties,  depend  very  much  upon  the  proportion  of  oU 

•  From  the  Wernerian  Transactions. 
Vol.  XXVIIL  Supplement^^-  T  present 


322  UIDftOGEN   AND   CARBOK. 

present  Hence  no  pure  gasses,  fit  for  examination,  sod 
comparable  with  each  other,  can  be  obtained  from  those 
Tegetable  or  animal  substances  which  yield  an  oil  when  sub* 
jected  to  heat,  as  is  the  case  with  most  of  them*  To  this 
oil  is  to  be  ascribed  the  great  Tariation  in  the  specific  gra- 
Titj  of  the  gas  obtained  by  distilling  pit-coal,  as  shown  bj 
the  experiments  of  Dr»  Henry. 
and  car^nic  When  water  and  carbon  are  present  together,  as  is  the 
•xide.  Qg^Q  Iq  most  animal  and  Tegetable  substances,  they  act  oa 

eiach  other,  and  give  origin  to  Tariablc  quantities  of  car* 
bonic  oxide,  which  ronst  also  ?ery  much  alter  the  proper* 
ties  of  the  gas  evolved.  To  these  two  causes,  namely,  the 
oil  dissolved,  and  the  carbonic  oxide  formed,  most,  if  not 
all  the  varieties  in  the  combustible  gasses,  obtained  from 
animal  and  vegetable  substances,  are  owing. 
Supposed  to  Berthollet,  in  a  dissertation  which  he  lately  published, 
coutoin  oxlgen.  j„  ^j^g  g^cond  volume  of  the  M^moires  d' Arcucil,  has  en. 
deavoured  to  prove,  that  all  the  heavy  Inflammable  gasset 
contain  oxigen  as  a  constituent*  He  has  examined  a  num* 
ber  of  gasses  obtained  by  distilling  charcoal,  and  has  shown, 
that  each  of  them  contained  a  considerable  proportioa  of 
oxigeUft  This  opinion  has  likewise  been  maintained  by  Mr. 
Murray  in  his  System  of  Chemistry. 

If  any  confidence  can  be  put  in  the  preceding  obserra* 

tions,  it  is  clear,  that  this  obscure  subject  can  never  be 

elucidated  by  examining  gasses  from  charcoal,  or  from  animal 

and  vegetable  substances.     The  first  will  always  yield  car* 

bonic  oxide  as  well  as  carburottcd  hidrogen,  and  the  gas 

from  the  other  bodies  will  be  disguised  by  the  oil  held  by  it 

in  solution. 

A  pure  car-  Analogy  is  strongly  in  favour  of  the  common  opinioii^ 

^^^'"robabr^  that  there  exists  a  gas  composed  simply  of  hidrogen  and 

txisf.  carbon.     Hidrogen,    we  kuow,    is  capable   of  dissolving 

every  other  simple  combustible,  sulphur,  phosphorus,  and 

boracium*     It  dissolves  likewise  several  of  tlie  metals,  as 

arsenic,  zinc,  tellurium,  and  potassium.     Why  then  may 

it  not  be  capable  of  dissoWing  carbon  ? 

Has  from  !(tag-       There  is  a  gas  which  rises  in  considerable  quantity  from 

nant  water  ex-  stagnant  waters  during  the  summer  season.     It  was  exa* 

mined  by  Cruickshank  and  Dalton,  and  both  of  them  con. 

clnded 
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eluded  it  to  bo  a  compound  of  carbon  and  liidrogen,  with- 
out any  sensible  quaolity  of  osi^en.  But  as  neitber  of 
these  fentlcmcn  has  published  a  detailed  account  uf  his 
expentnvnO,  I  thought  it  worth  while  to  ctamiiie  the  gas 
anew,  in  order,  if  iiosslblc,  tu  ilctarmiuu  tlie  puint  in  a 
satisfactory  rnanoer.  I  accordingly  collected  coosidcrable 
quaa(itie»  of  it  at  dificront  limes  in  the  ncighbuiirhuod  of 
Kcdtalrig,  where  poaii>>  of  muddy  water  arc  left  .stagtiaat, 
in  ord«r  to  collect  maauftt.  This  gss  1  fouud  to  have  the 
following  properties, 

1.  It  is  colourleis,  and  I rans parent  like  air.  Jti  ptopertjii. 

2.  It  has  no  smell,  and  uu  scnsiblo  tactc,  protidL>d  it  be 
previonsly  washed  to  clean  water. 

3.  It  always  contained  a  mixture  of  carbonic  acid.  The 
least  quanlily  of  this  gas  .preiatt' «&s  5  per  cent;  the 
greatest  7\  per  cent. 

4.  It  always  contained  a  mixture  of  cumuioD  air.  It  is 
remarkable,  that  the  pro|mrtt'in  present  was  in  ercry  ci^i: 
the  same,  and  amounted  to  1^-5  per  cent,  or  3'5  per  cent 
of  oxigea  and  )0  per  c^ut  uf  aaote.  Mr.  Dalton  says, 
that  the  gas  which  he  examined  contained  2U  per  ceut  of 
azote.  This  was  nuTcr  tJie  case  »ilh  the  gu  from 
Re^talrig;  hut  the  commoa  air  and  carbonic  ucid  gas 
together  sometimes  amounted  to  30  per  cent,  and  always  to 
near  that  quantity. 

5.  After  dcpriting  it  of  its  carbooic  acid,  I  found  its 
■pecific  gravity  061 1,  that  of  air  being  I'UtM.  But  as  it 
contained  a  mixture  of  13-5  per  cent  of  air,  it  would  have 
been  obviously  tighter,  if  this  portion  had  been  removed. 
By  calculation  I  find,  that  the  specific  gravity  of  the  pure 
gas  would  h^e  been  0'56a4*. 

My  method  of  takiqg  the  specific  gravity  of  gassei  being  Methoil  of  ta- 
eitremely  simple,  yet  precise,  I  think  it  worth  while  to fij.""^»ft»^irf*' 
describe  it  in  this  place.     It  is  founded  on  the  wcll-liaowa  gmes. 
fact,  that,  whea  two  gasaes  are  mixed,  their  bulk  dues  not 

*  Let  1=  the  specific  gravity  of  the  pure  gas,  A  =  tJie  quantity 
of  air  in  the  mixture,  a  =  the  specific  gravity  of  air,  B=  quantity 
of  pare  gas  present,  c  =  specific  gravity  of  the  mixture,  we  have 

_<A+B)£-A5 

■ B 

Y  *  alter 
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alter.  I  have  a  largd  flask  fitted  with  a  8top*.<;ock*  I 
weigh  this  flask  yerj  accurately,  theo  exhaast  it,  ^nd 
w&gh  it  again.  Let  the  lots  of  weight  be  a.  I  then  fill 
the  flask  with  the  gas,  the  specific  gravity  of  which  I  want, 
and  weigh  it  again.  If  the  weight  of  tfie  flask  be  the  same 
as  at  first,  it  is  obvious,  that  the  gas  has  exactly  the  specie 
fie  gravity  of  common  air.  If  it  be  heavier  than  at  first, 
the  gas  is  heavier  than  common  air ;  if  lighter,  the  gas  is 
lighter  than  common  air.  Suppose  the  flask  lighter  than  at 
first,  I  add  weights  till  thr  flask  is  exactly  poised.  Let  the 
weight  added  be  b.  We  have  the  weight  of  common  air  to 
that  of  the  gas  as  a  to  a— 6.  And  to  find  the  specific  gnu 
vity,  we  have  this  proportion,  «:ii— 6::l:jr=r  spedfie 

gravity  wanted,  orjF=s      ■  .     If  the  flask  is  heavier  than 

at  first,  weights  are  added  to  the  other  scale,  till  it  it 
exactly  poised ;  let  these  weights,  as  before,  be  6,  we  hava 

in  this  case  x  ==  — — — .     In  this  process  no  correction  is  ne« 

a 

cessary  for  temperature,'  or  the  state  of  the  barometer; 
because  air  and  all  gasses  undergo  the  same  change  of  bnlk, 
by  changing  the  temperature  and  the  pressure.  The  gas  is 
always  weighed  saturated  with  moisture.  This  is  corrected 
when  requisite  by  the  table  of  Dalton.  In  this  way  the 
flask  may  be  easily  weighed,  true  to  the  t^t^^^  P^**^  ^^  ^ 
grain;  so  that  you  arc  always  sure  of  the  specific  gravity 
of  the  gas,  to  the  3d  decimal  figure.  The  specific  gravity 
of  common  air  is  always  taken  1*000,  and  at  the  tempera- 
ture of  60^,  barometer  at  30  inches,  100  cubic  inches  of  it 
weigh  30*5  grains.  These  data  enable  us  to  determine  the 
weight  of  100  cubic  inches  of  any  gas  th?  s)Mclfic  gravity 
of  which  is  known.  Mr.  Dalton  found  the  specific  gravity 
of  this  gaa  0*600.  I  took  Its  specific  gravity  more  than 
once,  and  collected  at  difierent  times,  but  never  found  h 
heavier  than  0*5554. 
Farther  properw  ^-  The  gas  from  stagnant  water  burns  with  a  yellow  flame, 
tuaj  of  the  gas  more  readily,  and  with  a  larger  flame,  than  any  other  com- 
wattr.  bustible  gas,  except  oleoant  gas,  and  the  vapour  of  ether. 

7.  When  mixed  with  oxigen  gas,  and  kindled  by  an  elec- 
trie  sparky  it  detonates  loudly^  and  undergoes  a  coasidera« 

bla 
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h\t  diminiitioii  or  bulk.  Its  combustibility  by  this  process 
is  conliiicil  wilhin  Tury  narrow  litnils.  U  docs  not  burn, 
unless  (lii:  bulk  of  ihe  oxigcn  rather  exceeds  its  own  bulk, 
and  it  ceases  to  burn,  when  the  oiigcu  gas  is  more  than  3  j 
times  !he  bulk  of  ihu  inllammable  gas.  The  limits  of  cum. 
bullion,  according  to  my  trials,  arc  lOU  measures  of  iii- 
ilammablc  gas,  and  105  or  327  measures  of  oxigen  gas. 
A  mixture  of  100  muuures  of  iuHamniablc  gas  with  383  or 
3U2  measures  of  oxigen  gas  does  not  burn. 

.8.  A  good  many  experim^ts  on  the  combustion  of  iMi 
gas  vtil)i  oxigen  by  electricity,  give  the  following  general 
resuU:  100  measures  of  ttie  iiiBammabIc  gas  coDsumc  205 
measures  of  oxigen  gas,  and  104  m^aturca  uf  cartranic  acid 
gas  are  farmed.  This  result  very  nearly  agrees  with  the 
ejc|)erinients  of  Mr.  Dallon,  who  found,  as  I  hare  been 
informed  by  Dr.  Henry,  that  lOU  measures  of  this  gas  re. 
quire  for  combustion  200  measures  of  oxigen  gas,  and  form 
too  measures  of  carbonic  acid.  T^e  following  table  con.  Rxi,«r 
taios  a  few  of  the  esjierimenls  which  I  made  upon  this  gas,  '"''''■' 
The  others  were  precisely  of  the  same  kintf,  and  coincided 
villi  these  as  nearly  as  possible. 

The  oxigen  gas  used  cmiMiined  13  per  cent  of  azote.  It 
had  been  prepared  from  hypcroumuriale  of  potash,  and, 
whtu  rec'nt,  contained  only  1  per  cent  of  azote.  It  had 
been  kept  above  a  year  in  a-crystal  bottle  well  iloppcdi 
but  had  been  uften  upcnet},  and  portions  of  it  used  during 
the  interval.  The  butde  was  now  half  full  of  water.  The 
purity  of  this  gas  was  tried  just  at  the  time  of  aiaking  iho 
following  experiments,  by  exposing  it  to  hydrogii relied  sul. 
phuret  of  lime  in  Ihe  usual  way.  The  nitrons  gas  employ. 
cA  contained,  by  the  test  of  sulphate  of  iron,  11-5  per 
cent  of  azote.  The  intlamm.ibic  gas  iiad  been  freed  from 
carbonic  acid,  but  it  cunlained  13-5  per  cent  of  cummon 
air. 
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From  ihii  tabic,  and  oor  knowledge  ot  the  constitaent^ 
of  the  gasscs  nsed,  it  is  easy  to  dednce  the  foltowing : 
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Of   these  cxperimentt,    the  1st,  2d,   and   5lh  are  the 
only  ones,  from  which  the  proportion  of  oxigen  consumed, 
a  be  deduced.    They  were 
repeated 


and  of  carbonic  acid  formed. 
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rcpcaird  jcry  often,  in  order  to  insure  as  mucli  accuracj 
as  posMhle.     The  follawmg  is  the  result  vhich  ihcy  jiTe.* 


loflammablc 
gasconsamed. 

Oxigfngai 
conilnuvd. 

Carbonic  acid 
g4s  furmi-d. 

21fl 

•U-7 

22 

31-B 

43-6 

93 

310 

44-7 

25-5 

aie 

44-3 

22-5 

a(erai;e. 

100 

205 

104 

3»cr,  percrnt. 

6.  From  these  cijwriments  it  b  oasy  to  deduce  the  com.  Its  cnmpiifi- 
positioii  of  this  inflammable  gas.     Its  specific  gravity  being '""'' 
0'555,   100  cubic  inches  of  it,  at  the  temperature  of  60", 
and  when  the  barometer  stands  at  30  inches,  Mill  neigh 
1603  grains. 

Of  the  30S  cubic  inciies  of  oxigcn  gas  coiisuracd,  104 
go  to  the  formation  of  carbonic  acid  gas;  the  remaining 
101  cubic  inches  must  have  combined  with  hidro^cn  dnring 
the  combustioD,  and  formed  water.  Ilidrogcii,  in  the 
gaseous  state,  combines  with  exactly  half  ils  bulk  of  oii. 
gen  gas;  therefore  the  hidrogen,  which  went  lo  form  waiir 
in  the  present  ca^e,  must  have  been  cquitalent  lo  302  cubic 
iochcs. 

If  we  suppose  with  Saussurc,  (and  it  is  the  Gupposiliou 
least  favourable  to  our  present  purpose),  that  carbonic 
acid  gas  conlains  27'S  per  cent  of  carbon,  in  this  cose  th« 
carbon  contained  in  104  cubic  inches  of  it  must  weigh 
13-24  grains.  The  weight  of  2#2  cubic  inches  of  hidrogen 
gas  is  517  grains.  Thus  we  have  ascertained,  (hat  IQO 
cubic  inches  of  the  iDUammablc  gas  from  stagnant  water 
contain  of 

Carbon,  13-24 

Hidrogen,        517 


Total,     18 '41 
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Bat  the  weight  of  100  cubic  inches  of  the 
gas  is  oolj  -        -  '      -        -        .     16*93 

So  that  the  constituents  found  by  analysis 

exceed  the  weight  of  the  gas  .        •       1*48  or  al« 

most  1.6  grain. 

This  is  a  clear  proof,  that  the  gas  contains  no  oxigen. 
The  carbon  and  hidrogen,  which  we  hare  found  it  to  con. 
tain,  constitute  the  whole  of  its  weight.  The  small  excess 
would  nearly  ranish,  if  we  were  to  suppose  the  specific 
gravity  of  the  gas  to  be  0*60Q|  as  Dalton  found  it«  It  if 
o&vionsiy  owing  to  errours  in  the  analysis,  which  are  una.. 
Toidable  when  minute  quantities  of  gaseous  bodies  are 
measured. 

10.  We  may  conclude,  then,  that  the  gas  from  stagnant 
water  is  entitled  to  the  name  of  carburetted  hidrogen^  and 
that  it  is  a  compound  of  very  nearly. 

Carbon     i,     •     .    72 
Hidrogen       -     •    28 


100 
Mr.  Dalton  considers  it  as  composed  of  an  atom  of 
carbon,  and  two  atoms  of  hidrogen ;  and  this  very  nearly 
agrees  with  the  above  analysis,  if  we  suppose  an  atom  qf 
carbon  to  weigh  4.5,  and  an  atom  of  hidrogen  to  weigh  1 ; 
for  72  is  to  28  very  nearly  as  4.5  to  2. 
Olefiant  gas.  There  is  another  gas,  which  is  at  present  considered  as 

composed  of  carbon  and  hidrogen.     It  was  discovered  by 
the  associated  Dutch  chemists,  and  called  by  them  Oleiiant 
Gas,    in  consequence  of  the  oily.looking  substance  into 
which  it  is  converted,  ^hen  mixed  with  oximuriatic  acid 
gas.     The  experiments  of  Cruickshank,.  Henry,    Dalton, 
and  Berthollct,  all  coincide  to  show,  that  its  only  consti- 
tuents are  carbon  and  hidrogen.     Mr.  Murray,  however, 
in  his  System  of  Chemistry,  has  expressed  his.  suspicion, 
that  oxigen  is  also^  one  of  its  constituents.     He  founds  his 
conjecture  on  the  alleged  formation  of  carbonic  acid  gas 
when  olefiant  gas  is  passed  through  a  red  hot  tube.     Even  if 
carbonic  acid  were  formed  in  this  case,  it  would  not  4)rovo 
the  gas  to  contain  oxigen,  unless  the  experiment  be  made 
iu  such  a  manner^  as  that  all  common  air  is  completely  ex« 
'  daded ; 
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Cluilctl ;  and  practical  rhrmials  Bre  sufficiently  aware  or  tb« 
ditlicully  of  such  nn  cxcliiaiun,  nhun  the  cxpcrirai'nt  is 
made  iu  the  u»iial  way.  Carbonk'  aci<l  g^s  ncTer  makes  its 
appearance,  if  llie  wh"le  cnmmun  air  lie  preTJously  re- 
moved from  Iho  lulx'  by  means  of  a  current  of  hidrogen, 
and  if  care  be  taken  to  sirparatc  all  the  oxigen,  with  which 
the  tileltant  gas  may  be  mixed,  by  nitrous  gas.  It  b  proper  DietoNtii  by 
to  know,  thai  liquid  sulphuret  of  lime  has  the  property  of^"^""^'^ 
dissolving  olefiant  gas  in  considerable  quaiilily.  It  cannot, 
therefore,  be  used  to  free  the  gas  from  oxigen. 

ThoDgh  the  well-earned  celebrity  of  ihu  chemists,  who 
hare  analysed  oleHanl  gas,  left  little  doubt,  that  thoir  ana. 
lysis  was  accurate,  I  (houghl  it  worth  while  to  repeat  their 
experiments,  in  order  to  add  my  testimony  to  theirs. 

I.  One  ounce  measnre  of  alcohol,  of  the  specific  gra- OlrfiarH gaA 
y'tty  0-S2S,  and  3  ounce  measures  of  sulphuric  acid,  of  the  '"'""*'■ 
'  tpecific  grmity  i-8U0,  were  mixed  together,  and  boiled  in 
a  small  retort,  almost  to  dryness;  while  the  gaseous  pro- 
flucts  were  rrceiTcd  in  the  usual  manner  orer  water.  Tha 
gasses  obtained,  (not  reckoning  the  common  air  of  the  re- 
tort, which  uraounied  lo  about -12  cubic  inches),  were  146-12 
'cnbic  inches  of  olefiant  ga«,  and  S3  cubic  inches  of  carbonic 
acid  gas.  The  proportiou  of  carbonic  arid  at  first  was  Tcry 
small,  l)ut  it  increas<<d  aslho  process  went  on,  and  at  (he  end 
■  amounted  to  about  one  half  of  the  oleSant  gas.  The  charry 
niaiter  which  remainad  In  the  rrlort,  after  being  well 
washed  and  dried  on  a  sand-balh,  weighed  69  graius. 

3.  A  portion  of  this  olefiant  gas,  deprived  of  its  cai'-Iis  tt>Fnfie 
lionic  acid,  but  containing  16  per  cent  of  i;omm(jn  air,  was  "'""''' 
found  of  the  specific  gravity  U!l78fi,  that  of  air  being 
1-OtX).  Hence  ihc  specific  gravity  of  pnre  olefiant  gas  is 
0-9745.  This  is  heavier  than  it  was  found  by  the  Dutch 
chemists,  who  slate  its  specific  gravity  at  0-009.  As  far  m 
I  know  the  specific  gravity  has  not  been  taken  before  in 
this  country. 

3.  Being  curious  to  know  the  nature  of  the  supposed  oil,  Mixed  with 
which  is  farmed  when  olefiant  gas  is  niiieJ  with  oximurlatic^-JJ"^'*"* 
acid  gas,  !  filled  a  large  botltc  with  olefiant  gas,  and  pasted 
a  current  of  oximuriatic  acid  gas  into  it;  the  wished  for 
aubslance  soon  collected  at  the  bottom  of  the  phial.     It 
ponatsvd  tbe  following  properties. 

(i.)ii 
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rmprnitiof        (1.)  It  was  A  liquid  of  a  groeaiih  white  coloar,  wtlfa 
^eaiaiiunce    slight  smcU  of  oiimuriatic  »ciil,  whick  it  lo&t  «■ 

to  sland  a.  sufliclcat  lime  exposed  to  the  air.  Its  tule  wu 
enect  aoJ  cooling,  aud  it  tuadc  a  strong,  thougti  not  un- 
pleasant, impression  on  the  |>aUte. 

(2.)  WbcQ  dropped  into  water,  it  fell  (o  the  botfoin, 
and  looked  like  so  much  melted  phosphorus.  It  continaed 
in  thb  stale  for  some  time  if  left  at  rust;  but  when  the 
mixture  was  agitated,  it  dissolved  in  the  water.  The  liquid 
Continued  colourless,  acquired  a  sweet  and  cooling  agreea. 
l)lc  taste,  and  a  slight  aromatic  odour.  It  did  not  »ffect 
vegetable  blues,  but  precipitated  copiously  with  nitiate  of 
silver. 

(3.)  When  dropped  into  alcohol,  the  liquid  appeared 
milky  at  first,  but  almost  immediately  becam*  transparent, 
a  complete  solution  being  effected. 

(4.)  Sulphuric  ether  dissoWcd  it  with  great  rapidity,  and 
the  solution  was  colourless. 

(5.)  It  did  not  dtasolre  in  oil  of  turpentine,  but  conti. 
nucd  in  small  globules,  which  attached  tbemselTes  to  tha 
bottom  of  the  Tesicl. 

(6.)  It  dissolred  immediately  in  nitric  acid,  withoul 
eiTerTesccnce,  or  any  apparent  change  lu  the  liquid. 

(7.)  When  dropped  into  sulphuric  acid,  a  copious  efier. 
vesceocc  took  place,  the  smell  of  oxinuriatic  aud  beauDi 
etidcnt,  and  the  liquid  remained  el^r. 

(S.)  When  left  in  an  open  icssul,  it  efaporated  ccm. 

pletely,  leaving  only  a  green  trace. 

Nnioiioil.  From  these  propcrticK,  it  is  uh'ious,  that  the  liquid  in 

Rcscmblei  the   question  does  not  belong  to  the  class  of  oils.     It  is  a  gob. 

pvo-acetic        stance  of  a  nature  quite  peculiar,  aud  seems  to  consist  of 

the  two  gasscs  simply  combined  together.     It  has  conii. 

derable  resemblance,  at  least  in  taste,  to  the  pyro-acctic 

spirit  of  Mr.  Chenciix. 

DeKinited  wiih     *  When  defiant  gas  is  miscd  with  thrico  it>  balk   of 

oxig«a.  oiigen  gas,    it  detonates  very  loudly,    when   an   electric 

spark  is  passed  through  it,  and  burns  nilh  a  strong  white 

^  flame.     According  to   Mr.  Dalton,    it  consumes   exactly 

thrice  its  bulk  of  oiigen  gas,  aud  form^  twice  its  bulk  of 

Icarbouic  acid.     My  experiments,  as  will  appear  from  (he 

fullowinj^ 
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follawing  lable,  very  nearly  coindde  with  hii^  The  {u 
wed  cont^ned  IS  per  ceot  of  commoa  air,  and  the  oxigen 
gaa  wu  mixed  with  1 1  per  cent  of  azote. 


11 

1i 

^i 

ill 

u 

1 

20 

69 

45 

10 

42 

44 

i 

20 

60 

•45 

9 

23 

27 

3 

20 

57 

42 

8 

23 

27 

»l 


From  thi>  table  we  easily  dednce  tlie  folloning: 

I 

2 

Muiuan  of  Gaues 

MIXED. 

1 
1 

8 

COMPOSITIOM   OP 

Residue. 

ll 

ll 

1 

1 

Aiote. 

Oiigen. 

lfl-8 

S314 

906 

79 

39 

10 

906 

2-9 

lli-8 

54-04 

916 

80 

30 

9 

9  16 

1-8 

3 

lfl-8 

51-34 

8-flfi 

77 

34 

8 

88 

1-4 

This  tabic   obvJoasIy  fomisbos  us  with  the  following 
reiullit : 


OlcSant  gu!  Oxigen  gas 
consumed,    j  consum^. 

Carbonic  a- 
cid  fonned. 

1 

18-8       j       6024 

39 

2 

16-8       1       &3-24 

30 

3 

16-8       1       4904 

34 

16-8       1       50-8 

35 

A»erage. 

100             1     302 

208 

Am.  percent. 

I 
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Itfoompoiition.     From  iihe»e  experimentsy  it  is  easy  to  deduce  the  con 

sition  of  olefiant  gas  :  100  cubic  India  of  it,   at  the 

perature  of  60^,  and  when  the  barometer  stands  i 

inches,    vreigh  29*72  grains. 

l'  Of  the  302  cubic  inches  of  oxigen  gas  consumed, 

vent  to  the  formation  of  carbonic  acid.  The  rema 
94  cubic  inches  must  have  gone  to  the  formation  of  ^ 
and  thej  must  have  combined  with  a  quantity  of  bidn 
which,  if  in  the  gaseous  form,  would  have  amonnti 
188  cubic  inches.  Therefore,  100  cubic  inches  of  oli 
gas  are  composed  of  t|ie  carbon  in  208  cubic  inches  of 
bonic  acid,  and  a  quantity  of  hidrogen  equivalent  to 
cubic  inches* 

Now,    the    carbon    in   208  inches   of   carbonic 
weighs  ...  26*98  gn|ii 

108  inches  of  hidrogen  gas  weigh      •       4*80 

Total,     31-78 
Weight  of  the  olefiant  gas,    -        -        29*72 

SurpluSf  -  9*06 
Thus  the  weight  of  the  constituents  found  by  api 
exceed  that  of  the  olefiant  gas  by  about  yjth  part ; — a 
proof,  that  olefiant  gas  contains  no  oxigen.  Thesc^ei 
chemistry,  in  its  presedt  state,  admits  of  no  stronger  p 
than  what  we  have  now  given. 

It  follows  from  the  preceding  analysis,  that  olefiant  j 
composed  of  about 

Carbon,      .     .     8^ 
Hidrogen    .     -     15 

100 

Mr.  Dalton  considers  it  as  composed  of  an  ato 

carbon  and  an  at(«m  of  hidrogen.     This  comes  tolc 

near  to  the  preceding  analysis,  if  we  suppose  the  wei^ 

an  atom  of  carbon  4.5,  and  that  of  an  atom  of  hidrog 

For  85  is  to  15  very  nearly  as  4*5  is  to  0'8. 

Olefiant  gas  6.  There  is  a  curious  experiment,  first  made  by  Cri 

detonu  d  with  ghaiik,  and   afterward  repeated    by   Berthollet,    whi 

less  th;i     its  ^  j  y 

weight  otoxi-    thought  it  worth  while  to  verify.     When  olefiant  g 
c^*  mixed  with  less  than  its  bulk  of  oxigen^  and  the  mixti 
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fireil  byelecfricity,  a  quantify  of  charcoal  precipitates,  and                          ■ 
tbcbulkof  the'/c^iduc  aHerthe  detonation '»  inucb  greater                             1 
than  berore.     The  following  Ubie  exhibiu  tliu  result  of  my                          1 
•Speriments  in  thia  way  :                                                                           ■ 

■ 

res 
det 
'  tlo 
nee 
Id 
Uic 
It. 
Ih. 

I 

n 

Ii. 
Ill 

it 

1 

1 

59S 

283 

100 

9J-5 

37 

121-S 

2 

4U 

30 

110 

3 

40 

30 

no 

4 

40 

29 

110 

0  each  of  these  experiments,  a  quantity    of  charcoal  Chaicoal  db> 
precipitated.  It  rcuaiiicd  long  suspended  in  the  gaseous '^^    ' 
due,  quite  dry,   and  made  its  escape  into  the  air,  if  the 
Duating  tube  was  turned  np.     1  attempted  to  ascertain 
weight  uf  this  charcoal,  bul  was  not  successful.     Itwit                           ^ 
essary,  in  order  to  collect  it  on  the  filter,  to  moisten  it 

whole  of  the  water,  without  altering  the  filter.     Hence 
as  alway*  a  great  deal  too  hcary,  never  weighing  lest 
ufthof  agrain. 

'rom  the  preceding  table  wc  easily  deduce  the  following :               ^^ 

i 

ii 

S 

h 

i 

< 

5^ 

1 

1 

1 

33-5 

26-64 

S-16 

68 
70 

6-S 

04-5 

3 

336 

97 -98 

8-42 

3 

33  0 

27-08 

8  42 

70 

4 

330 

27-08 

8-32 

k 

J 

■/■J 
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Iq  the  fint  experiment,  6.5  measvee  of  oziged  gai 
to  the  formation  of  carbonic  add,  and  3*74  were  foan 

I  combined,  after  the  explosion,  bj  the  test  of  nitroi 

I I  Kevinflam-     Hence  it  follows,  that  17:4  measures  of  oxigen  gas, 
i                       S^i?**         bined  with  33'2  measures  of  olefiant  gas  deprived  of  i 

tion  of  its  carbon,  and  formjed  a  new  inflammable 
)  amounting  to  82'7  measures  in  bulk,  or  almost  doul 

i  bulk  of  the  two  gasses  that  went  to  form  it. 

Thafcxumned.     The  new  inflammable  gas  being  examined  hj  a  nei! 

ture  with  oxigen  gas,  and  a  new  detonation,  was  foi 

consume  73  per  cent  of  oxigea  gas^  and  to  form  5 

cent  of  carbonic  acid. 

Hence  the  82*7  measures  would  hare  formed      * 
But  33*2  measures  of  olefiant  gas  woiU  hare  iormtoi 


Kference, 
C*rom  this  it  would  seem,  that  about  |th  of  the  c 
remoTed  by  the  first  explosion  is  couTcrted  into  cai 
acid,  while  |ths  precipitate  in  the  state  of  a  black  pc 


33*9  cubic  inches  of  olefiant  gas  weigh     9*87  gra 
The  carbon  in  33*5  cubic  inches  of  carbonic 
acidweii^s  •.•••...••    3*0$ 


Residue,     6*n 
17.4  cubic  inches  of  oxigen  weigh    -     •     5*31 


•w^ 


Henccc  the  weight  of  82*7  cubic  inches  of 

the  new  gas  cannot  exceed     -     -     -     .     1^*13 
Hence  100  cubic  inches  of  it  would  weigh  14*90  | 
and  its  specific  gravity  cannot  exceed  0'4808. 

This  is  on  the  most  unfavourable  supposition,  tl 
water  whatever  is  formed  daring  the  first  combnstioi 
water  be  formed,  it  is  obviously  lighter  than  wc  hare 
it.  It  is  clear,  therefore,  that  this  new-formed  gas,  to 
the  name  of  oxicarbii  retted  hidrogen  may  with  pro 
be  given,  is  quite  difierent  from  carbonic  oxide  ga 
spcciiic  gravity  of  which  is  0*956,  or  almost  double  i 
new  gas. 


ON  OXICARBURETTED  niDROOKV. 

(-87  graiDS  of  oleSaot  gas  &re  composed  of  1-49  hidrogcn. 
S-SS  carboD. 


Hence  onr  oxicarbarettod  hldrogen  gu  is 
composcil  of      .-....-. 


l-49hidrogcii. 
5*33  carbon. 
6*31  oiigen. 


or  p«T  cent  of  carbon  43-B 
oxigen  .  43'8 
hidrogen     l^'S 

J  00-0 
It  is  not  improbable,  that  this  oxicarbu retted  hidrossB 
gas  is  corapoGed  of  an  atom  of  carbon,  an  atom  of  oxigcn, 
and  an  atom  of  hiiirogen.  If  this  supposiUon  be  wrlU 
foDDiled,  the  pTOporlion  of  oxigcn  mast  exceed  a  litll* 
what  we  hare  obtaineJ  by  our  analysis.  This  would  pro- 
bably ha»e  been  the  case,  if  we  had  founded  our  analysis 
Upon  any  of  the  succeeding  experiments,  rather  than  the 
first  of  the  preceding  table. 

The  preceding  experiments,  I  flatter  myself,  cnliOe  ustoCoodwIoat. 
Conclade,that/n^o  gaseous  cum pouniisof  hidrogen  and  carbon 
eiist.  To  the  first  we  may  gire  the  usual  name  of  car- 
bu  retted  hidrogen;  to  (he  second  the  name  of  supercarfau. 
jetted  hidrogen,  as  It  contains  very  nearly  twice  as  much 
carbon  as  the  first  gas  docs.  There  exists  also  a  gaseous 
GompouQi),  consisting  of  uxigcn,  carbon,  and  hidrogen; 
but  It  dilTers  in  its  properlii-s  from  all  other  inflammabls 
gasscs  hitherto  examined.  The  reason  why  the  inflammabis 
gasses  from  Tcgetabic  and  animal  sul>slanccs  differ  so  much 
from  each  other  is,  that  they  usually  hold  an  oil  in  solution, 
ftnd  are  mixed  with  Tariablc  quantities  of  carbonic  oxidi 
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II. 

I 

Oil  a  fi^»  Compound  resulting  from  the  Union  of  Benzol 
Aoid  with  Camphor.    In  a  Letter  from  F*  R.  GowaR| 

To    Ma.   NICHOLSdxV. 
SIR, 

i3H0ULD  tlie  following  comma nicatioa  protc  worthy  o 

insertion  iii  your  Journal,  It  will  gtye  me  great  satisfaction 

if  I  find,  that  I  can  tend  in  the  least  to  the  AdTaocemeat  o 

chemical  knowledge,  hj  the  relation  of  a  few  experiment 

Kew  olea^Qout  and  obserrations  on  a  new  oleaginous  compound.— The  ex 

eompoupd.        porimcnts  which  I  particularly  wish  to  submit  to  your  con 

sideration  are  io  illustrate  Uie  formation  of  this  substaace 

which  1  have  recently  produced  from  certain  admixtures  o 

benzoic  acid«L  Camphor,  alcohol,  and  water  j  and  which  ma] 

also  be  produced  in  a  similar  manner  fronrthe  sulphnri 

and  nitric  asthers,  when  substituted  for  aloihol. 

Sohitiofiof  '         ]gy  making  solutions  of  benioic  acid  and  camphor  ii 

^hoTforms^  either  of  these  solfents,  I  found,  that,  on  the  addition  of 

•noleafinous    definite  quantity  of  water,  no  precipitation  of  the  acid  o 

^eaddltioii of  camphor  was  produced,  but  an  oleaginous  compound  wa 

water  in  k  der*'  formed.     This  seems  to  present  an  anomaly  inconsistea 

propc  ion.  ^.^^  analogy ;  inasmuch  as  it  prores,  that  water  does  no 

act  primarily  in  causing  a  precipitation  of  thi^e  bodies 

4  either  from  alcohol  or  sthers,  a  circumstance,  which  a  pri 

ori  would  not  hare  been  expected ;  but  causes  rather  th 

formation  of  a  triple  compound,  the  productioQ  of  whic 

is  increased  in  the  inTerse  ratio  io  the  purity  of  thealcohc 

employed. — From  this  preliminary  sketch,  it  appears,  thj 

water  becomes  necessary  in  the  ratio  of  the  purity  of  th 

alcohol ;  or  to  speak  generally,  that  any  given  quantity  o 

common  spirit  of  wine  would  require  one  part,  while  alco 

hoi  of  the  sepcific  gravity  of  0*dOD  would  require  double  i 

efiVxt  the  same  end. 

Thiscompoimd     The  ternary  compound,  however,  resulting  from  any  on 

«m"hSJ^  ^^    ^^  *^*^®  *'*'^>  ^^*  alcohol  or  a-thers,  consists  of  bevzol 
acid  and  camphor^  which  are  brought  into  noion,  and  pre 

ecrvc 
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ssr 


wrTcd  ill  this  stale,  thraugh  tha  medium  of  either  of  (he 
AbuTe-mentionci]  sulTenls :  thcrufurc  Ibe  union  of  these  twi) 
buditrs  furnishes  a  icty  guud  iliuttratiuu  o(  the  ultl  L-hi^micuI 
law: — "  Corpora  nan  agunt,  nititini  toluta."  But,  how- 
«Ter,  thii  atium  has  mtw  become  ubsoluic,  and  riindurLil 
totally  incun&ijitent  aa  lu  it*  general  np{j1iration,  from  our 
pri>si!nt  knd  inorc  refined  iiuvs  of  chemii'dt  ttlTinity;  j'et, 
jicrcrthdfst,  I  think  it  may  be  cutieidcrcd  in  (he  prcteat 
cotnbiDatiuu  as  one  fully  applicable,  because  it  illuitratei 
the  foruiation  of  the  compound.  lodi-cd,  1  shall  have ■''^'^'l  *'"""■ 
occaiiiou  (u  shuw,  by  the  following  ouperiment,  [hat,  if  the, ^^  br  in  too 
connecting  modiuoi  or  solfunC  of  ibesc  l»o  boditsi  be  de- '^^8=  ii™j«'- 
atroyed  by  increanlug  thu  quantity  of  water,  a  subsequent 
iliminulionof  potter  of  that  mi-dium  asasolrent  must  iuerit- 
'ablyresnll;  Bail  the  benzoic  acid  will  be  precipitated  in 
crystals,  while  lljc  camphor,  tfae  remaining  constituent,  will 
rise  to  the  iiirface  of  the  lluid. 

Experiment  1. — Twenty  grains  of  benioic  acid,  and  the  Exp.  i— Ben* 
■amc  quantity  of  camphor,  were  mixed  in  half  an  ""tice  of^j'^^^'^  j?/ 
alcohol,    which   readily   disiolvcd    them    without   the  least tulvnl  in  alco- 
change  ;  but  inimeiliately  on  the  addition  of  the  same  quao.  J,u'j      *"" 
lily  of  water,  the  substance  in  queition  was  produced,  ac- 
companied with  a  lensibtc  erolution  of  caloric.     This  pro. 
(luclion  of  heat,  however,  must  be  well  known  to  depend 
on  the  {loworful  attraction,  which   the  alcohol  and  water 
niiitiially  exert  to  enter  into  chemical   combination;    and 
may  be  said   to  depend,    according  to  Berthollet,  oa  tlia 
condensation  of  lolume*. 

On  allowing  this  aululion  (o  remain  quiet,  it  gradually  The  fluid  wp^. 
■eparatcd  into  two  Btriila;  the  uppermost  of  which  was  "sJijij/"'**  '*** 
ipiriluoui  solution  of  a  pale  yellow  colour:  and  the  luuer 
one  waa  the  niw  combination. 

The  properlit'S  of  the  upper  stratum  are  a<  fullowi :  It  Pfope't>«  ol 
was  of  a  pale  yellow  colour:  (owing,  no  doubt,  to  aquan.^^^"^'^'* 
fit/  of  reain,  which  the  acid  conlained,  for  if  the  acid  be 
perfectly  pure,  both  the  olcagtnoai compound,  and  the  so- 
lution abore  it,  are  perfectly  transparent.)     It  was  acid, 
Bnd  wbeu  ciposed  to  a  gentle  beat  in  a  retort,  a  spirituous 
lolulioD,  containing  a  quantity  of  camphor,    came  over, 
•  Bertbolet,  Cliem.  Stat.  v.  i. 
■  Vol.  X^VllI.  StrFi-ueHT,  Z  whicli 
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wliich  wu  sepirated  in  small  I1aki.-s  on  Ibe  addition  of  W«tM; 
while  the  acid  lemaincd  in  thu  rctorl,  and  precipiUtMl  on 
cooling  in  a  crysUllized  state. 

Fiapeniaor         Properties   of  the  lower  stralnm,    or  oleaginons  ccttn. 

•h«loir«.  pound.~It  was  of  a  bright  yellow  colour,  depending,  sa  I 

Hatq  befure  remarked,  on  a  quantity  of  rtuin,  which  tba 
acid  contained.  It  is  strongly  acid,  and  bai  a  pleasant  sro- 
Diatic  imcll.  When  a  few  drops  were  put  opon  a  ipatnla, 
and  exposed  to  the  heat  of  about  950",  it  was  rapidly  roU- 
taliied ;  and  on  taling  il  away,  the  remaioing  portion  crys. 
lalizeit  upon  the  spatula,  like  rays  diverging  from  a  c«ntre. 
Thcie  cryitaJs  were  diiioUed  in  alcohol,  which  ihea  mk 
dcned  vegetable  blues.  When  this  peculiar  compound  wai 
immersed  in  cold  water,  it  was  immediately  decomposed,  tbi 
alcohol  entered  into  chemical  combination  with  the  witter; 
the  benzoic  acid  wai  precipitaied  iu  small  shining  crystal*, 
and  the  camphor  remained  on  the  surface  of  the  fluid.  Thli 
then  is  suiUcit^ntty  efident,  to  elucidate  that  water,  although 
necessary  to  its  formation,  will  not  preserve  il  when  fomedi 
without  the  necessary  admixture  of  a  definilu  quaoliiy  o( 

Boiling  water  readily  dissolves  it,  and  precipitates  on 
cooling  about  ygths  of  the  acid,  in  small  flaky  crystals; 
while  the  camphor  is  principally  separated,  and  riaei  to  tlM 
■urfacc  of  the  fluid,  leaving,  however,  a  small  portion  ia 
solution.  It  is  very  soluble  in  alcohol,  and,  if  dissolred  ia 
lulhciont  quantity,  may  be  recondenscd  into  the  original 
compound.  When  mixed  with  a  solution  of  the  avh. 
carbonate  of  poto&h  it  was  decomposed,  a  benKoate  of  pot- 
ash was  formed,  and  a  quantity  of  carbonic  acid  gu  VU 
evolved;  while  the  camphor,  the  other  ceosiifuent,  wt* 
IlberaU'd,  and  floated  on  tlie  surface  of  the  fluid.  In  order, 
therefont,  to  obtain  a  quantity  of  the  benioic  add  in  a  pur* 
■rate,  the  camphor  was  separated  from  this  lolMion  by 
(laising  it  Ihrough  a  filter,  and  obtaining  thu  solutioa  of 
benxoule  of  potash  in  the  receiver.  Tu  a  portion  of  the 
tutution  thus  cullocled,  sulphuric  acid  was  added  li>  sattin. 
tiun,  ivhit'h,  from  its  greater  affinity,  formed  a  sulphate  of 
potash,  tu  the  exclusion  of  the  beneutc  acid,  both  of  which, 
however,  were  mechanically  combiiieil,  and  formed  a  while 
pjecifAiMtt ! 


precipilBte :  this  precipitate  wu  afterwards  thrown  on 
a  filter,  and  washed  with  n  vitak  solution  of  alcohol 
in  water.  After  passing  ihroogh  the  filter,  and  remain- 
ing some  time,  crystals  of  the  acid  were  formed.  Whrn  to 
another  portion  of  the  same  stilutiun  (ttenzoate  of  putanh) 
heated,  Biilphuric  acid  was  addKl,  a  rcry  pecnilar  change 
ensned,  liz.  the  beozoic  add  was  imnn.'diatrl)-  precipitated 
in  beautiful  flaky  crystals,  and  left  the  sulphate  of  potash 
in  solution. 

Exper.i. — In  trying  how  mnch  benzoic  acid  and  cam- Eiyf.— None 
phor  was  necessary  to  the  formation  of  this  compound,  I  "'''"'  corn- 
found,  that  from  the  following   proportions  none  of  the  nl  whun  (i» 
oleaginous  substance  was  produced.  much  of  [h« 

benzoic  acid  gr.  rx,  camphor  gr.  sx,  alcohol  an  onnce,  piaeau 
water  the  same.  It  will  appear  from  this  espcrimcnt,  thai 
the  combination  is  only  produced,  when  the  substance) 
which  are  necessary  to  ifs  formation  are  in  a  certain  ratio 
With  respect  to  the  quantity  and  pnrity  of  the  alcohol  em- 
ployed;  for  it  seems,  that  when  they  are  so  much  diluted 
with  alcohol  and  water,  the  aiiinify  of  the  benzoic  acid  for 
the  camphor  is  counteracted  by  the  vuperior  attraction  of  the 
alcohol  for  this  body;  and  thus  the  benzoic  acid  and  cam. 
phor  are  preferred  in  solation,  without  being  able  to  exert 
their  mutual  affinities  to  produce  the  new  combination. 

In  repeating  these  experiments  in  larger  proportions,  I  Cryitili 
obierred  some  crystals,  tarying  from  half  an  inch  to  an  '""""'• 
inch  In  length,  were  formed  (on  standing  for  several  hours) 
in  the  Quid  aboTC  the  oleaginous  compound,  and  which  I 
thought,  from  their  magnitude,  were  composed  of  beuzoic 
acid  and  camphor.  It  may  also  be  proper  to  remark,  that 
crystals  are  funned  in  the  oleaginous  substance,  but  mnch 
inferior  in  their  magnitude  to  those  which  are  found  in  thd 
supernatant  stratum. 

Examinnfion  and  properties  of  the  rrystals. — They  were  Thfir  propjn, 
of  an  irregnlar,  oblong,  and  flat  shape;  acid,  partially  "^' 
■oluble  in  cold  water,  but  perfectly  so  at  the  temperature 
of  212°.  When  disaolred  in  a  solution  of  the  subcarbonate 
of  putash,  B  quantity  of  carbonic  acid  gas  was  erolrcd  ;  but 
no  camphor  was  separated.  When  dissolved  in  alcohol, 
they  gave  to  it  acid  properties  ;  and  an  Out  addition  of  wa- 
2  2  ter, 
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ter,  a  small  quantitj  of  benxoic  acid  was  separated.  This 
seemed  a  second  confirmation,  that  camphor  did  not  enter 
into  their  composition.  From  this  examination,  howerer, 
I  think  it  is  extremely  probable;  especially  since  we  find 
the  larger  crystals  are  formed  in  the  npper  stratnm,  that 
camphor  does  enter  into  their  composition ;  bnt  that  their 
increased  magnitude  is  owing  to  the  reciprocal  union  of  the 
alcohol  and  water  in  combination  with  the  benzoic  acid. 

From  the  two  aboTe-mentioned  experiments  we  feam^ 
that  water  is  only  essential  to  the  production  of  the  com- 
pound,  inasmuch  as  it  combines  in  definite  ratios  with  the 
alcohol,  and  therefore  acts  as  a  condensing  agent,  wherebj 
the  particles  of  the  acid  and  camphor  are  brought  nearer, 
together :  while  they  in  thdr  nascent  state  (if  I  may  be  aU 
lowed  the  expression,)  preserre  their  attractiTa  quantitiea 
of  alcohol,  by  which  they  are  enabled,  from  their  natural 
afiinities,  to  enter  into  absolute  union,  and  thus  effect  the 
formation  of  the  oleaginous  compound ;  or  what  may  b^ 
more'  properly  denominated  a  benzoate  of  camphor  and 
alcohol. 

It  must  be  sufBciontly  obfious,  from  what  has  been  aboTe 
stated,  that  alcohol  acts  a  yery  material  part  in  the  pro- 
duction of  this  compound ;  I  therefore  was  induced  to  try, 
from  their  analogous  power  as  solyents  for  these  bodies,  the 
effects  of  the  sulphuric  and  nitric  ethers. 
JixpS.'m-SuU  Exper*  3. — Twenty  grains  of  benzoic  acid,  and  the  same 
employed  in-  quantity  of  camphor,  were  dissohed  in  half  an  ounce  of 
f  lead  of  alcohol  sulphuric  (;tber.  To  this  solution  the  same  proportion  of 
distilled  water  was  added,  which  produced  at  first  a  gene« 
ral  turbidness ;  but  the  asther,  from  its  not  possessing  much 
afi^ity  for  water,  together  with  its  superior  Ie?ity,  soon 
separated,  aud  occupied  the  upper  stratum,  which  on  agi. 
tation  had  an  oleaginous  appearance.  The  result  of  this 
combination,  howc?er,  seems  nothing  more  than  a  separa- 
tion of  the  ether  by  the  mechanical  admixture  of  water ;  the 
oleaginous  appearance  pr^Kiucod  on  agitation  being  caused 
by  the  mutual  and  equal  r;'i>ulsioii  of  their  particles,  which 
thus  f^lv.'i  the  sphciical  appearance  to  the  compound.  The 
density  of  tliis  coiiipouud  may  be  increased  by  augmenting 
the  proportions  of  benzoic  acid  and  camphor.     Its  pnnci. 
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pa!  properties  ar«  its  specific  levity,  tho  retention  of  its 
oleaginoas  appearance  in  hot  water,  and  finally  its  total  dtN 
composition  in  cold  water. 

Erper.  4. — The  same  proportions  of  bcnicic  acid  and  ^»P  *— ^'itn* 
camphor  were  dissotred  in  half  an  ounce  of  nitric  ether; 
the  colour  in  thin  combination,  howercr,  soon  changi-d  to 
a  rcdiliEl]  bronn,  and  a  quantity  of  an  olcaginoua  siibstincs 
of  the  came  colour  was  produced,  vithoul  the  admixture  of 
any  water.  It  is  probable,  I  think,  that  the  colour  in  this 
'  combination  was. produced  from  the  action  of  the  ether  en  a 
quantity  of  resinous  matter  in  the  acid.  From  a  subsequent 
ciperimenl,  however,  precisely  in  the  same  proportion, 
there  was  srarerly  any  of  this  compound  produced  ;  but  on 
the  addition  of  half  an  ounce  of  water  there  waa  a  copiout 
produrtion  of  if,  nhieh  gravitated  to  the  bottom  uf  tho 
phial.  ATlcr  standing  for  levcral  hours,  a  number  of  crys. 
-  tals  had  formed  within  it,  and  it  had  become  much  denser, 
■nd  resembled  in  appearance  melted  phosphorus.  Thus  ive 
■ee  that  water  greatly  facililali^s  (he  furmalion  of  the  com- 
pound, and  alio  causes  by  dilution  the  subsequent  forma, 
tion  of  crystals.  When  these  two  experiments  were  re> 
peatfd  with  a  purer  acid,  in  the  same  proportions,  analo- 
gous results  were  produced  ;  but  the  compounds  were  of  a 
pale  while  colour:  and  Ihns,  [  think,  proving  satisfac- 
torily, that  the  colour  in  the  former  experiments  was  ow. 
tng  to  the  impurity  of  (he  acid.  Tho  general  properties  of 
this  compound  ate  its  greater  specific  grarily;  its  spon. 
taneons  formation  without  water,  and  its  immediate  pro- 
duction on  Ihc  admi^iture  of  this  fluid  ;  together  with  tha 
resulting  formation  of  crystals,  which  I  suppose  arc  pro. 
duced  in  the  ratio  to  the  power  uf  dilution.  It  is  acid, 
and  also  preserves  its  oleaginous  appearance  in  either  hot 
er  cold  water,  anil  is  partly  dissolved.  If,  however,  It  be 
put  into  too  large  a  quantity  of  cither,  it  is  extremely  pro- 
bable that  it  Mill  be  dissolved  or  dccompoied ;  b;:cauie  tho 
power  of  attraction,  which  will  preserve  it  in  a  small 
quantity,  will  be  totally  annihilated  by  a  greater. 

Thus  after  observing  the  peculiar  combinalious  of  benioic 

acid  and  camphor  nith  alcohol  and  ethers,  I  was  indued 
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Experiments 
with  camphor 
and  other  acids 
instead  of  the 
benxoic.       t 


farther  to  make  a  serieB  of  experiments  on  tke  diilerent  vegOi 
table,  animal,  and  mineral  acids,  in  order  to  obseire  wlie* 
thcr  any  other  acid  or  acids  were  capable  of  effecting  a  siadi 
lar  combination :  as  there  seemed  from  analogy  jnst  grooadi 
to  suppose,  that  any  other  mild  regetable  acid  would  pro- 
duce an  analogous  compound,,  when  treated  in  »  similai 
manner. 

ExPESmENTS. 

5.  Oxalic  acldgr.  xx,  camphor gr.  xx,  alcohol  Jss,  water  Jai 

6.  Tartaric  acid  ....•• 

7.  Boracic  acid  .«.••• 

8.  Citric  acid     ....•• 

9.  Camphoric  acid       •        .         •        •         •         • 

10.  Succinic  acid  •         .         •         .    ,     • 

11.  Alcohol  ^ss,camph.  gr.  xx,  Laotic  acid  f  ss,  water  Jii 
12. 
13. 
14. 
15. 
16. 
17. 
18. 


None  of  them 
produced  such 
A  compound. 


Formic  acid  3ii 
Acetic  acid 
Prussic  acid     . 
Phosphoric  acid 
Muriatic  acid 
Sulphuric  acid 
Nitric  acid  *     • 
From  all  these  experiments,  howerer,  not  one  of  tl 
acids  was  capable  of  producing  the  substance  in  question 
but  on  the  contrary  caused  in  some  instances  the  precipits 
tion  of  the  camphor  pre?ious  to  the  addition  of  wate 
Benzoic  acid,  therefore,  may  be  considered  as  exerting 
Tery  peculiar  attraction  to  enter  into  combination  with  can 
phor,  when  assisted  by  the  cooperati?e  power  of  alcoh< 
or  ether.     It  is  extremely  probable,  that  the  incapability  < 
the  aboTC  mentioned  acids  of  forming  compounds  with  can 
phor  may  arise  in  general  from  their  being  stronger  acid 

*  Although  nitric  acid  in  this  combination  was  incapable  of  pr 
ducing  an  oily  compound,  yet  in  its  undiluted  state  it  readily  d: 
solves  camphor,  forming  that  substance  which  has  been  improper 
termed  the  oil  of  camphor,  and  which  in  my  humble  opinion  b< 
ter  deserves  the  appellation  of  nitrate  of  camphor ;  since  it  wou 
do  away  the  ambiguous  and  unscientific  term  of  the  former,  ai 
convey,  I  trust,  a  better  expression  of  its  composition. 


■0  >i  from  their  iuporior  acid  property  totally  (o  destroy 
that  attraction  which  the  alcohol  eierd  for  the  camphor; 
and  thas,  by  altering  the  properties  of  the  alcohol,  destroy 
the  effect  of  combination. 

The  rcadioesi  with  which  the  oleaginous  mbitance  may  be 
farmed  when  benzoic  acid  ii  aied  may  probably  depend  on 
the  three  following  causes.  1st,  That  the  benzoic  acid  na> 
turally  possesses  a  strong  attraction  to  combine  with  cam- 
phor. 3ndly,  That  its  attraction  for  alcohol  is  grcaterthao 
that  of  any  other  acid.  And  3dly,  Through  the  medium  of 
the  alcohol,  it  is  brought  into  actual  combination  with  the 
camphor,  so  as  to  produce  the  oleaginous  compound,  or 
bcnznale  of  camphor  and  alcohol.  From  these  three  cause)  Theotjr  nf  ilie 
I  shall  offer  the  following  theory  of  iU  formation.  As  water*"""""'"""'''''* 
IS  the  principal  agent  in  the  production  of  this  compound, 
it  becomes  necessary  to  consider  its  speciSc  action  in  pro* 
ducing  it ;  and  firtit  to  consider  its  power  as  a  solrt-nt. — 
It  most  be  welt  known,  that  water  can  only  dissolve  about 
,%  part  of  benzoic  acid  ;  and  from  some  recent  experiments, 
which  I  have  lately  made  on  the  solubility  of  camphor  in 
distilled  water,  1  find,  that  only  agrain  of  thlssubstance  is 
soluble  in  two  ounces,  or  1634  troy  grains;  from  which  I 
infer  Its  very  slight  power  as  a  solrent  for  either  of  these 
bodies.  It  becomes,  therefore,  extremely  probable,  that 
the  water  exerts  almost  the  whole  of  its  affinity  to  enter  into 
chemical  combination  with  the  alcohol,  which  we  know 
from  dilution  would  render  it  less  capable  of  holding  these 
bodies  in  solution.  Thns  it  is  reasonable  to  expect,  that  a 
quantity  of  benEoic  acid  and  camphor  will  be  separated 
from  the  alcohol,  in  proportion  to  the  quantity  of  water 
added:  is  it  not,  therefore,  probable,  that  they,  (as  I  hafS 
before  remarked)  at  the  instant  of  their  separation,  pre. 
serve  thi'ir  aliraciiTe  quantities  of  alcohol,  through  the 
medinm  of  which  thuy  are  enabled  to  unite ;  and  thus  tinally 
effect  the  production  of  the  oleaginous  compttund  ? 

I  cannot,  however,  conclude  this  c4>mmunicati(in  with, 
oat  entrtsaling  my  reader  to  excuse  the  unfinished  manner  in 
which  1  have  olfercd  thwe  few  experimental  fact*  and  ohser. 
Taliuns,  froto  believing  the  relation  of  them  may  probably 
be  Lb e  means  uf  czciliug  tome  gentleman  to  examine  the 
IS  subject 
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snbjcct  with  more  accoracy  and  precision,  so  at,  T  tmst^ 
to  confirm  in  a  more  satisfactory  manner  the  experiments, 
which  I  have  ventured  to  bring  forward,  and  achiere  tha 
principal  object  of'  the  communication. 

lam,  SIR, 

Your  humble  Scnrant, 

S.  B.  H.  F.  R.  GOWAR. 

3farcA23,  1811. 
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III. 

Comparative  Analysis  of  Gum^Renns:  By  Mr.  Henet 
Braconnot,  Professor  of  Natural  History,  £fc. 

(Condudedfrom  p.  237.  J 
Art.  V.     Analysis  of  Olibanum* 

Action  of  heat  §  I*  V>^LIBANUM  is  difficultly  melted;  and  when  kindled 
by  the  flame  of  a  candle  continnes  to  burn  of  itself,  learing 
white  ashes.  . 

Twenty  gram.  [308*8  grs.]  distilled  with  water  yielded 
about  1  gram.  [15-4]  grs.]  of  Tolatilc  oil;  of  a  pale  lemon 
colour,  and  the  smell  of  which  is  not  unlike  that  of  lemons. 

A  similar  quantify  distilled  with  the  naked  (iro  gavn  a 
▼cry  larije  quantity  of  a  brown  empyrcumatic  oil,  and  an 
acid  watery  liquid  in  no  great  abundance.  Those  products 
did  not  giye  any  perceptible  indications  of  ammonia  on  the 
addition  of  lime;  but  on  bringing  a  little  muriatic  acid  near 
the  mixture  some  slight  white  fumes  were  visible,  which 
appear  to  indicate  the  presence  of  Tolatile  alkali.  In  the 
retort  remained  a  compact  coal,  weighing  2*5  gram.  [38*0 
grs.]  which  left  after  incineration  65  cent.  [8-5  grs.]  of 
ashes,  composed  of  5  cent.  [0*77  of  a  gr.]  of  potash 
partly  saturated  with  sulphuric,  muriatic,  and  carbonic 
acids;  6  cent.  [0*93  of  a  gr.]  of  phosphate  of  lime;  and 
41  cent.  [6*8  grs.]  of  carbonate  of  lime. 

§  II.  A.  25  gram.  [386  grs.]  of  powdered  olibanum 
were  heated  with  a  sufficient  quantity  of  alcohol,  and  fil. 
tercd.     On  the  filter  remained  a  pretty  copious  whitish  sub. 

Btaoc« 
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^nce^  whicb)  being  well  washed  with  alcohol  and.dried^ 
weighed  9  grains)  [130  grs.] 

B.  This  matter  insoluble  in  alcohol  was  dissoUed  in  Rendifum  dis- 
boiling  water,    with  the  exception  of  a  soft  grayish  sub-     ^     in  water. 
Stance,  of  a  gummy  appearance,  and  weighing  when  dry 

1*3  gram.  [^0  grs  ].  This  burned  with  flame;  and  when 
treated  with  nitric  acid,  produced  a  greenish  resiniform  sub- 
stance ;  which  may  lead  us  to  suspect,  that  some  resin  had 
escaped  the  action  of  the  alcohol,  though  I  took  great  care 
to  wash  the  residuum  with  boiling  spirit  of  wine. 

C.  The  aqueous    solution    (B)^    after    being    filtered,  Gnm. 
yielded  by  craporation  7*5  gram.  [1 15*8  grs.]  of  a  gum,  of 
"which  the  following  are  the  properties. 

1.  This  gum,  which  was  considered  as  extractire  matter  Its  propertiet. 
by  the  older  chemists,  though  it  has  by  no  means  the  ap« 
pearancc  of  it,  has  a  yellowish  transparency,   and  a  flat 

taste. 

2.  It  dissoWes  easily  in  water,  without  leaTing  any  resi. 
duum. 

3.  Exposed  to  the  fire  it  burns  with  but  little  flame,  and 
leaves  white  ashes,  formed  in  great  part  of  carbonate  of 
lime. 

4.  Its  aqueous  solution  does  not  redden  infusion  of  litmus. 

5.  Oxalate  of  potash  forms  a  precipitate  in  the  solution. 

6.  Acetate  of  lead  produces  in  it  no  very  apparent 
change  ;  but  the  nitrate,  and  more  especially  the  suhacetate 
of  lead  and  the  nitrate  of  mercury  occasion  in  it  Tery 
copious,  thick,  white  precipitates^  completely  soluble  iu 
distiled  vinegar.  , 

7.  The  decoction  of  galls  precipitates  the  solution  of  tht 
gum  of  olibanum,  but  not  that  of  the  gum  of  myrrh. 

8.  Lime*watcr  in  exrcss  does  not  afiect  its  transparency, 
even  after  standing  some  time. 

9.  This  gum  is  carbonizrd  by  sulphuric  acid,  but  does  not 
emit  acetic  vapours  on  heating^  the  mixture.      What  thcn- 
is  it,  that  neutralizes  the  lime  in  this  gum  ?  I  had  a  suspi- 
cion of  benzoic  acid^  but  this  requires  to  be  ron firmed. 

10.  The  gum  of  olibanum  heated  with  nitric  heat  lets  fall, 
particularly  on  cooling,  a  pretty  large  quantity  of  very 
white  powder^  granular  as  if  crystalline.     On  continuing 
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the  eTa|>ora(ion  to  dryness,  a  retidnom  wai  olitaiiwd,  wUcI 

ivheii  well  washed  and  dried|  famished  macooe  add 
amooDtiog  to  a  third  of  the  weight  of  the  gum  emplojed 
The  waters  of  elatriation  contained  oxalic  and  malic  acid 
but  in  small  quantity. 

D.  The  alcoholic  solution  (J)j  CTaporated  to  drynesi 
yielded  14  gram.  [216*2  grs.]  of  resin ; .  whence  it  followi 
that  there  was  a  loss  of  2  gram,  [90*88  grs.^y  whi^ 
ascribe  in  great  part  to  the  Tolatile  oil* 

1.  The  resin  of  olibanum  is  of  a  reddish  ydlow  coloar 
it  easily  cracks  on  cooling,  becomes  rery  brittle,  has  n 
perceptible  taste,  is  electric  when  rubbed,  and  a  good  dei 
resembles  common  resin. 

ft.  Ii  softens  in  boiling  water,  but  it  requires  a  greate 
heat  to  melt  It.     Exposed  to  flame,  it  boms,  and  emits 
smell  that  is  not  unpleasant. 

3.  This  resiu,  heated  with  a  solution  of  caustic  potash 
and  CTaporated  to  dryness^  left  a  residunm  not  rerj  sola 
ble,  which,  after  being  well  washed,  was  diffusible  in  boil 
Ing  water,  producing  an  emulsion.  Common  resin  nnitc 
much  more  re^ily  with  alkalis  *• 

4.  Sulphnri 

*  Resinous  substances  have  never  yet  been  examined  with  th 
minuteness  and  attention  they  deserve,  as  appears  from  the  fei 
lacts  collected  respecting  their  chemical  properties,  and  even  c 
these  several  are  inaccurate.  Many  even  suppose,  that  aliiali 
have  no  action  on  resins;  as  a  trial  of  which  I  made  the  followini 
experiments: 

Into  a  cold  and  very  weak  solution  of  potash  I  put  comma 
resin  powdered,  by  a  little  at  a  time.  The  result  was  a  complet 
soapy  solution,  which  became  thick  and  ropy  like  the  white  of  a 
egg.  The  weakest  acids  *occasiuned  in  it  a  copious  white  sedimen 
Alkalis  and  neutral  salts  do  the  same,  in  consequence  of  the 
greater  afl'init}^  for'  water.  A  large  quantity  of  common  water  to 
decomposes  this  soap,  and  the  precipitate  it  occasions  is  but  parti 
soluble  in  alcohol.  The  part  that  refuses  to  dissolve  in  it  still  con 
tains  a  great  deal  of  resin  united  with  lime. 

If  muriate  of  lime  be  added  to  this  resinous  soap,  the  mixtur 
thickens  into  a  whitish  mass  reicmbling  pap,  consisting  of  resi 
and  lime. 

All  metallic  solutions  completely  decompose  the  soap  of  resin 
and  several  of  the  precipitates  thus  formed  may  be  employed  i 
painting. 

FiA 
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4.  Sulphuric  arid  dissolves  the  resin  of  olibanam  vtithoot 
heal,  formipg  &  red  solution,  from  which  natcr  throws 
down  a  white  precijiitAlB.  If  it  be  hetled  sooie  time,  water 
■eparstes  from  it  a  black  resin,  soluble  in  nitric  acid ; 
which  by  evaporation  converts  it  into  a  brown  residuoni  of 
in  astringent  taste  mixed  with  bitterness,  and  the  aqui-oui 
■oluliun  of  wliich  precipitates  gelatine,  but  not  sulphate  of 

5.  If  the  resin  be  treated  to  dryness  with  eight  parte  of  Cnnvmied  br 
of  nitric  acid  al  38",  it  b  almost  wholly  conTerled  into  the  n'i''d«i  '>"• 
res ini form  matter,  the  properties  of   which  1  ha*u  already  liaDamer. 
made  known.    The  waters  of  elutriation,  which  coiitaiued 

no  oxalic  acid,  jit'lditl  by  evaporation  a  residuum,  which, 
when  healed  afresh  with  nitric  acid,  afforded  none  of  the 
tanning  matter  discovered  by  Mr.  Halrhcit ;  but  a  bitter, 
soluble  substance,  partly  precipitated  on  cooling  from  its 
solution  in  boiling  water,  soluble  also  in  alcohol,  and  pro- 
ducing precipitates  in  several  metallic  solutions. 

This  substance  appeared  to  me  to  possess  properties  ana. 
logous  to  those  of  what  I  have  termed  resiouauier,  but  it 
differs  from  it  in  the  stability  and  proportion  of  iis  elements. 

Art.  VI.  Anal^'is  of  Gum  Jmmojiiiwum. 

§  I.  Gum  ammouiacum,  eiposed  to  a  heat  not  sufficient  Action  of  hc«t 
to  decompose  it,  softens  easily,  and  loses  6  per  cent  of  its""  "">">«"'»■ 
weight. 

Twenty. five  gram,  [386  grs.]  distilled  with  a  naked  fire 
yielded  12  gram.  [1 85-3  grs,]  of  liquid,  the  greater  part  of 

Fifty  gram.  [772  grs.]  of  resin,  healed  to  saturstion  with  solu- 
tion of  potaih,  dissolved  entirely ;  and  by  cvapuralion  were  ob- 
tained 69  grain.  [1065  gn.]  of  solid  resinous  soup,  dry  at  akjw 
temperature,  of  a  brown  colour,  and  wkicb  I  found  to  be  per- 
fectly similar  to  Sturkey's  soap.  BauuiJ  and  Legindre  thererore  Starke/^  toip. 
had  reason  to  presume,  that  only  the  thick  and  resinous  part  iif 
ail  of  [urpentiJie  could  really  combine  with  potash ;  for  this 
alkali  acti  on  volatile  oil  only  by  promoting  iu  coiivwsioji  inio 
resin  to  unite  with  it  afterward. 

Volatile  alkali,  diluted  with  a  great  deal  of  water,  also  combines 
with  resin  very  readily,  and  quickly  reduces  it  to  the  saponaceous 
stale.  Thit  comiKHiud  diluted  with  water  aciiuim  after  a  time  the 
Uiickjiess  of  starch. 

which 
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wliicb  was  a  brown  empTreomatie  oil.  This  prodoct  emiUe 

a  meil  of  Tolatile  alkali  on  the  admixtore  of  lime*     In  tli 

retort  was  left  a  coal,  weighing  7*5  gram,  [115*8  grs/ 

which  after  incineration  left  3*3  gram.  [49*4  grs.^  of  aih^ 

nixed  with  graTel.    From  these  weak  nitric  acid  extracts 

1*5  dec.  [i*S  grs.]  of  phosphate  of  lime,  and  3  dec  [4* 

grs.]  of  carbonate  of  lime. 

Anmonbcum       h  ^^'  (^)  ^  boiled  25  gram.  [386  grs.]  of  powdered  an 

b^dinai-       moiacam  with    a    sufficient  quantity  of  alcohol  at  35 

[sp.  gr.  0*837].      The  solution  filtered  boiling  let  fd 

nothing  on  cooling.    A  white  substance  remained  on  tb 

filter,  which,  after  being  washed  with  alcohol  and  dried 

weighed  5*8  gram.  [80*5  grs.]. 

UniduBin  dif-       B.  This  substance,  being  heated  with  water,  dissoired  ii 

•olYwl  in  water.  \t  in  great  part.     The  solution,  being  strained  through  fi» 

linen,  left  a  grayish  substance,  soft  and  as  it  were  glutinont 

insoluble  both  in  water  and  spirit  of  wine,  black  after  i 

was  dried,  and  then  weighing  1*1    gram.   [17  grs.].     I 

burned  more  easily  than  a  gum,  and  was  reduced  to  graj 

ashes.    Treated  with  nitric  acid  it  gate  a  yellow  colour 

and  afTordcd  a  little  oxalic  acid. 

Gum.  C  The  aqueous  solution  \B)  yielded  on  eTaporation 

4*6  gram.  [71  grs.]  of  gum. 
Its  properties.         1.  This  gum  was  transparent,  of  a  reddish  yellow  colour, 
I  and  a  slightly  bitter  taste,  somewhat  brittle,    and  dried 

^  easily  in  comparison  with  other  gums, 

'-j  2.  It  burned  without  any  apparent  flame,  learing  soma 

fi  white  ashes,  which  dissolved  in  acids  with  efferrescence* 

3.  Water  dissolred  it  entirely  ;  and  the  solution  could 
barely  be  said  to  redden  infusion  of  litmus. 

4.  It  was  precipitated  entirely  from  its  solutions  by  the 
subacetate  of  lead ;   but  not  at  all  by  acetate,  or  the  ni. 

ill  trate  of  lead  or  of  mercury.     The  latter  merely  rendered 

tlie  solution  milky. 

5.  Linje-watcr  in  excess  does  not  render  the  solution  of 
this  gum  at  all  turbid,  therefore  it  contains  no  phosphoric 
acid  ;  yet  its  ashes  yield  a  little  phosphate.  Hence  I  con. 
ceire  phosphorus  exists  in  this  gum  in  a  state  of  combina. 
nation  with  the  other  elements  that  compose  it.    ^ 

.^  «.  Oxalate 
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9.  Oxalate  af  ammonia  throws  down  from  the  solution  a 
precipitate  of  oialafc  of  lime,  but  1  douut  know  by  what 
acid  the  lime  is  neutralixcd  in  the  gums*. 

7.  Decoction  of  galls  detects  nothing  in  It. 

8.  This  gum,  treated  with  the  nitric  acid  of  the  sliopi, 
yielded  nearly  ihe  samf  products  as  that  of  olibannra;  that 
it,  a  large  quautil]' of  mucous  acid,  some  oxalic  acid,  and 
a  very  lidle  malic  acid. 

D.  The  alcoholic  solution  (.4)  being  eraporated  to  dry.  Rsin. 
Dcss,  yielded   17-5  gram.  [^70  grs.]  of  a  resin,  which  ex- 
biliited  the  following  charaL'ters. 

l.It  nas  of  a  reddish  yellow,  transparent,  brittle  at  lu  piopcnie*, 
wax  at  a  low  temperature,  having  a  wavy  and  shining 
fracture,  receiving  a  alight  im|iression  from  the  nail,  ami 
'readily  growing  soft  in  the  mouth  or  faetnocn  the  lingers. 
It  had  no  sensible  taste:  its  smell  was  the  same  as  that  of 
ammoniaciim  itself.      P'riclion  did  ;iot  render  il  electric. 

3.  This  resin,  like  wax,  melts  at  43°  [139°  F.].  At  a 
higher  tcm|)crature  it  swells  up  considerably,  emits  a  pecu- 
liar smell,  and  leaves  a  light,  s;ion^y,  bulky  coal, 

3.  This  resin  easily  combines  with  alkalis,  even  cold:  and 
the  results  arc  taponliceous  coinpoundt  of  considerable 
bitterness  +.' 

4.  Sulphuric  acid  readily  dissolves  (he  resin  of  ammonia* 
cum,  particularly  with  a  gentle  heat.     Water  decomposes  ' 

solution.  If  it  be  heated  mure,  the  result  is  a  hidro- 
gnrctlcd  coal ;  which,  after  being  vashed,  dissolict  ia 
nitric  acid,  and  yields  by  evaporation  an  astringent  sub. 
■tancc,  which  gives  a  lirown  precipil<ite  tuth  isinglass. 

5.  Nitric  arid  heated  on  the  resin  at   first  produced  onl](  Tm'rJwitti 
me  white  vapoura  ;  but  at  length  the  red  fumes  appeared  """^  *^"* 

I  a  sudden  with  great  whemence.     The  product   was  a 

•  Mr.  Vauquelin,  who  has  made  known  Ihe  e\irtence  of  phos- 
phate of  lime  Id  the  ashes  of  gum  arabic  and  gum  tragacanlh, 
fuppo5L-a  llie  lime  in  these  gums  ii  saturated  in  great  part  bj-  th« 
•celic  add. 

+  The  soap  or  ssponule  of  common  rciio  lia»  likewise  a  decidedly 
Utter  taste,  which  seems  to  me  to  indicate  in  these  resinous  coat- 
pounds  elBcBcious  prupeitin,  llut  deserve  tiie  atteitliun  of  Ihe 
•bierving  pitysician. 
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ov  ns  RnrnuTioir  or 

jellow  resinifomi  sobstmoe,  whidi  dinoltad  doilBg  fl 
process*  On  eyaporatiog  to  dryness  I  obtftined  %  reiinoi 
mer  substance  of  a  rwj  putt  jdlow,  fusible  at  a  gmt 
heat,  uniting  with  alkalis^  lolnble  in  alcohot  aad  In  boi 
ing  water,  and  falling  down  in  part  from  the  latter  « 
cooling ;  soluble  in  part  too  in  a  large  quantity  of  co 
water,  and  communicating  to  its  solutions  a  rery  fine  yeMo 
colour,  which  adheres  yery  tenaciously  to  the  fingers^  ai 
is  easily  fixed  on  wool  and  silk,  giving  them  a  fine  Inst 
unalterable  by  oximuriatic  acid,  and  eren  by  weak  alkali 
consequently  there  is  nothing  that  can  be  compared  With 
for  permanence  among  the  majority  of  dyeing  dmga* 
may  add  too,  that  this  yellow  appears  to  too  to  merit  ti 
preference  l>efore  others  in  point  of  cheapness^  considnii 
the  small  quantity  of  it  required." 

This  substance^  mixed  with  gum,  might  yield  a  mc 
pure  and  permanent  yellow  than  gamboge* 

Component       '  From  this  examination  of  gum  ammoniacnm  it  fblloi 

l>arts  of  ammo-  ^f^x  ioo  parts  are  composed  of 

niacum* 


Gum  ,  -    -    -    -     18*4 

Resin    ....    70 

61  utiniform  matter      4*4 

Water  ....       6 

Loss     ....       1-2 

100 

IV- 

On  the  Mechanism  of  Respiration  in  Fishes:  by 
Mr.  C.  Ihim^ril,  Professor  at  the  Medical  Schooiy  Sfc. 

Themecha-      ^^  these  papers  I  intend  to  explain  some  ideas  respect! 
nUm  of  respi-   the  act  of  respiration  in  fishes  ;  to  demonstrate,  that  i 
fimiiar  to  that  mechanism  by  which  water  is  drawn  into  the  mouths 
of  some  rep-      these  animals  is  precisely  similar  to  that  of  the  respiration 
some  reptiles;  and  that,  in  consequence  of  this  oiode 
respiration,  the  seat  and  perception  of  the  organ  of  sn 

^  Mag.  £ncyclop»  Nov.  1807,  p.  35.     Read  to  the  Instit 
August  the  10th. 
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n  other 


la  fishea  ttre  altogether  different  from  what  they  are 
^urlcbrale  aoinmU. 

In  the  mammalia  anilhlrds  the  whole  of  the  rcnoiif  blood  Re 

'  »  uiiJur  the  nccciihy  of  cotnipg  to  place  itself  in  cunl&ct  aa 
it  were  with  the  iiir,  that  pcnetrales  their  lungi.     These 

I'  argana  are  cacloscil,  and  capable  of  expanding!,  in  iha 
thorax  ;  a  cavily,  llie  bony  sides  of  wbicli  are  cajiabk'  of 

^various  motions,  ani!  particularly  of  thoae  that  tend  to 
increase  or  itiminish  its  diameters. 

In  Ihe  mammalia  the  thorax  appears  particularly  intended  So. 
to  protect  the  princiiml  urgan»  of  the  circiiktion;  and  lo'"' 
determine  the  motions  necessary  to   resgiiralion.      In   all 
other  Te((;bratc  anioiab,  that  hate  luDgs,  these  part&  are 
contaiited  in  a  less  determinate  space,  wilh  the  organs  of 
digestion  and  other  viscera. 

The  ribs,  or  bony  hoops,  that  surround  this  catify,  areAi 
oiidently  levers,  tliat  mecbanically  produce  the  expaniion        ' 
or  contraction  of  the  space  burrounding  the  lunp.     The 
powers  that  nii:iTe  the  bunes  in  these  two  directions,  and 
which  are  the  muscles  «f  Ihe  thorax  and  abdomen,  and  the 
diaphragm,  consequently  determine  the  act  of  inspiration, 

,  at  well  as  that  of  expiration.  It  was  necessary  to  recapi- 
tnlate  these  general  principles,  to  give  a  clearer  notion  of 
what  follows. 

If  it  be  troc,  ^  physiologists  at  present  admit,  that  theWher 
ribs  and  muscles  inserted  in  them  are  ihe  chief  mechanical  J^*'.'^'" 
agents  of  respiration]  we  must  necessarily  infer,  that  tcr. nltm  i 
tebrato  animals  destitute  of  ribs,  or  in  which  these  bone* 
cannot  be  employed  to  produce  those  motions,  must  have 
some  other  mode  of  breathing :  and  this  in  fai;  t  is  the  case. 

The  hrst  example  we  hare  in  certain  reptiles,  as  frogs,  i^inci 
fitards,  &e.,  during  the  first  stage  of  their  etistcncc.  These^''"'' 
■nimals,  prPTious  to  their  metamorphosis,  breathe  in  the 
tnaniicr  of  lishes,  of  which  they  have  commonly  the  form, 
■tructuio,  and  habitudes.  They  take  in  water  at  (he 
niuutb,  and  immcdialdy  expel  it  through  a  single  bronchial 
ftpcrture,  or  several  boles  in  Ihe  side  of  Ihe  neck.  Thus 
tadpoles  arc  similarly  circumstanced  with  fishes  of  the  genus 
■phagobronchi^  of  Bloch,  t>t  unibronchapcrturs  of  Lac^. 
pide;  while  the  jonng  lizards,  protci,  liress,  and  other 
urodclK, 


ingci 
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urodehe,  bear  more  resemblance  to  the  sliarks ;  particnlarly 
to  that  described  by  Schacider,  and  represented  at  fig.  31) 
in  his  edition  of  Bloch's  System  of  Ichthyology  ;  and  which 
he  has  termed  ciliaris,  because  a  portion  of  the  gills  appears 
externally  like  a  fringe.  ^ 

The  tadpole  This  period  of  the  life  of  batrachian  reptiles  however  i) 

•uie  tometimes  not  SO  short,  as  has  hitherto  been  supposqd.  Of  this  I  hare 
^^'  had  an  opportunity  of  satisfying  myself,  baring  kept  tad- 

poles more  than  three  years  *•    Yet  when  the  lungs  of  these 
animals  are  completely  formed,  their  gills  lost,  and  they 
hare  only  air  to  breath,  there  is  hardly  any  thing  altered  on 
this  account  in  their  primitive  organization,  and  they  retaia 
as  we  may  say  their  old  mode  of  respiration. 
Reptiles  with        ^^  ^^  ^^'^  known,  that  the  batrachian  reptiles  have  do 
lunp,  but  no    ribs,  or  at  most  only  the  rudiments  of  these  bones :  the 
a  pecatiar  way.  lungs  therefore  must  be  inflated  by  some  mechanism  diffe- 
rent from  that  of  other  animals.     This  was  conjectared  by 
Hcrholdt  and  Rafn  of  Copenhagen,  and  almost  immedi- 
ately demonstrated  by  CuTier  and  myself,  though   I  have 
since  corrected  some  of  our  former  obserrations  f  •     It  ii 

Some  reptiles  *  It  has  been  said^  that  most  of  the  batrachian  species  undergo 
alow  in  their  their  changes  in  one  year:  this  is  true  with  respect  to  the  commoa 
chaDges.  ^^^^^  ^^^  edible  frog,  the  green  frog,  the  salamandre  abdominak, 

and  probably  several  others.  It  is  known  however,  that  the  rana 
paradoxa  is  sometimes  two  years  in  the  tadpole  state ;  and  1  have 
observed,  that  the  young  marbled  lizards  retain  their  gills  more 
than  one  year,  having  fed  such  in  the  spring.  Besides^  I  have 
kept  in  my  house  for  three  years  tadpoles  of  the  crapaud  accoucheur, 
which  have  constantly  refused  all  kind  of  vegetable  food,  and 
which  devoured  one  another,  if  they  were  not  supplied  with  the 
flesh  of  animals. 
Mode  in  which  t  There  is  neither  valve  nor  valvulae  within  or  at  the  base  of  the 
the  noftrils  are  nostrils.  In  all  the  anouri,  that  have  the  tongue  free  and  its  loot 
attached  to  the  cavity  of  the  jaw,  the  two  lobes  apply  themselves 
to  the  interior  orifice  of  the  nose,  so  as  to  prevent  the  issue  of  the 
air;  or  any  other  fluid  contained  in  the  mouth,  at  the  time  of  de- 
glutition. In  the  urodeli,  which  have  no  tongue,  two  tubercles,  an- 
swering to  the  anterior  bifurcation  of  the  os  hyoideR,  and  co\'cre<l 
by  the  inner  membrane  of  the  mouth,  apply  themselves  to  the  two 
apertures  of  the  nostrils,  which  are  observed  before  the  orbits  U 
the  eyes,  on  opening  the  mouth  of  any  of  the  salamanders* 

Doir 
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now  knowti,  thut  Ihc  respiration  of  the  batrachiati  reptilet 
is  cffectLil  by  mpunii  of  the  muRcles  of  the  throat,  and  tho 
daslic  plalc  uf  [hi!  hyoidca,  which  perfurm  thi:  office  of 
ribs  aud  diaplimgm.  And  for  inspiralion  thus  to  lalte 
place,  the  muiilb  muni  pre^ioasl^  bc  closed;  so  that  if  an 
adult  salamaniler  or  frog  were  pbieed  in  water,  with  the 
tntmlji  kept  open  by  force,  or  even  left  so  in  the  moist  and 
pen  air,  it  would  soon  die  of  latTucation.  In  all  thes« 
tiimals  the  air  is  eapclUd  sudilenly  from  the  luogs  by  thg 
■clioQ  of  the  abdominal  muscles.  It  Issues  from  the  mouth 
in  very  large  bubbles,  and  by  a  sort  of  vomiting,  which 
iiplains  the  force  and  continuance  of  Ibeir  croaking,  ereti 
under  water,  as  is  observed  in  a  great  many  species. 

All  the  chelonian  reptiles  are  circumstanced  precisely  uTortinnA 
the  batrachian.  Xot  that  the  tortoises  for  instuDce  «ra 
destitute  of  ribs,  or  sfernum,  as  no  animals  have  these 
parts  more  solid  and  distinct.  But  all  these  ribs  are 
united  to  the  verlebrie  and  to  each  other,  to  fonn  that  bonjr 
shell,  which  covers  their  muscles,  limbs,  and  viscera,  ia 
the  back  ;  as  (he  parts  of  the  sternum  spread  abroad  cover 
(hem  on  the  belly. 


I  believe  I  &nt  demonstrated 
living  tortoises,  the  mistake  of  Tc 
of  the  mechanism  of  respiration 
shell  of  which  he  had  removed, 
nical  action  of  the  lungs  was  sti 


my  public  lectures,  on  ffutike  of 
ison  in  his  examiaation  '^'™'"'<">  ™- 
...        .,  .      'Piling  theit 

a   tortoise,   the  under  breathiii|. 
1  in  which  the  mechm- 
c.xerled.     This  gentle* 


Bian  ascribes  the  faculty  of  drawing  the  lungs  outward  to 
I  muscles,  which  can  only  compress  them;  while  (he 
notion  of  the  throat,  and  (he  complete  cessation  of  the 
act  of  inspiring  when  tlic  mouth  is  open,  would  have  given 
a  butler  insight  into  tlie  (rue  mechanism  of  this  func- 
tlun,  and  the  analogy  that  exists  in  this  respect  between  (or. 
toiscs  and  frogs.  Indeed  tliis  is  an  observation,  (o  which 
wcaTenalnmllj  led;  and  Air.  Ciivier,  who  has  verihed  it, 
adopts  the  same  opinion  in  his  Lectures  on  Comparative 
Anatomy,  vol.  iv,  p.  3C!8. 

Here  then  we  find  the  act  uf  resplralion  performed  in  SilU  these  re- 
certain  reptiles  difiercntly  from  what  it  is  in  aaiaials  t''»ti,'^"^j'^dit^.„"i( 
icera  to  precede  them  immcdinluly  in  thn  scale  uf  beings,  nicci.jnaia. 
r  Yet,  though  (he  mechanism  is  different,  the  cffecl  h  nearly 

Vol.  XXVIII.  St/iTEtJiLXT.       '     Aa  the 
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the  same,  since  in  both  cases  air  is  equally  introduced  into 
the  lungs,  there  to  produce  and  undergo  a  certain  action. 
The  real  difference  is  onlj  in  the  mode  of  inspiration,  and 
the  connexion  of  its  continuance  with  the  motion  that 
empties  the  lungs.  In  fact,  the  air,  inspired  by  small  qnan- 
titles  in  succession,  is  ainfaiys  introduced  at  the  nostrils,  and 
issues  from  the  mouth  at  a  single  discharge  of  longer  or 
shorter  duration.  Daring  the  stay  of  this  large  quantity  of 
air  inspired  in  the  lungs,  which  seem  to  hare  been  greatly 
eapanded  for  the  purpose,  it  di?ests  itself  of  the  oxigen  it 
ODDtains,  so  that  the  moment  of  expiration  is  to  a  certain 
d^rce  •arbitrary. 

Most  of  the  circumstances  that  hare  been  mentioned  will 
Mructurebe-  i^exhibited  at  large  in  the  following  examination  of  the 
respiratory  apparatus  of  fishes.  AH  rertebrate  animals, 
that  breathe  air  alone,  hare  only  two  apertures  in  the 
lower  part  of  the  mouth.  One,  intended  for  the  passage  of 
food,^  is  the  oesophagus :  the  other,  admitting  the  passage  of 
the  air  into  and  out  of  the  lungs,  i^  the  glottis.  Fishes  on 
the  contrary,  without  exception,  have  the  throat  perfo. 
rated  with  four,  six,  or  seven  large  apertures  on  each  side^ 
beside  the  passage  leading  to  the  stomach.  These  apertures 
supply  the  place  of  the  glottis;  and  are  commonly  furnished 
on  their  edges  with  fringed  appendages,  which  fit  into  each 
o4her,  but  are  capable  of  being  separated  to  a  greater  or 
less  distance,  to  strain  the  water  that  passes  through  them. 
Each  of  these  apertures  directs  the  liquid  into  a  space  bor- 
dered by  two  bronchial  laminae,  which  are  covered  by  a 
membrane,  in  the  substance  of  which  are  commonly  solid 
radii  capable  of  motion,  and  a  thin  plate  called  the  oper- 
culum, which  can  be  moved  so  as  to  form  a  chink  on  each 
side.  This  aperture  alone  furnishes  an  issue  to  the  water, 
which  by  staying  on  the  bronchiae  has  served  for  the  respi. 
ration  of  the  fish. 

When  a  fish  respires,  it  begins  by  opening  the  mouth,  to 
suck  in  the  liquid  in  which  it  is  immersed.  The  water  im« 
mediately  comes  in  to  fill  the  vacuum  produced  by  the  sepa- 
ration and  protraction  of  the  labial  bones.  The  bottom  of 
the  throat  is  then  raised,  and  the  bronchial  apertures  fre« 
quently  closed.      But  presently  the  lipt   approach   each 

other ; 


ir  in 


Manner 
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oflior;  all  (he  hinder  part  of  the  head  is  enlarged  by  the 
nifiing  or  the  opcTcnla ;  the  bonj  arches,  that  support  the 
bronclUI  lamintc,  are  acted  upon  by  (he  byoides,  which  is 
deprcMMl  as  in  tlie  act  of  Bwaliowing  ;  these  arches le para tc 
from  each  other,  and  the  water  immediately  enters  info  the 
q>aees  between  them  ;  but,  at  the  moment  these  opercula 
are  raised  aDitKeparaled  from  the  body,  the  hynide;  and  all 
the  broArhlal  lunbin!  connected  with  it  rise  against  the 
archof  Ihe  palate,  and  drire  before  them  till'thc  vater  con. 
lained  in  the  cavity  of' 'the' mouth,  which  ponies  entirely- 
round  the  bronchiift,  aid' Is  ooiDmonly  discharged  by  the 
Wterior  ajierturei.  ' 

Thufi  we  see  the  respiration  of  water  >y  Bsties  is  a  real 
deglutilion,  bat  hicoin'plete,  hecauM  the  mouth  is  perfo- 
Kted  at  bottom,  and  Snfftn  the  liquid,  which  necessarily 
enters  nith  all  its  food,  to  escape. 

This  cTphiios  how  fishes  oait  swallow  air  hi  pretty  large  F»1i*i  can 
qnanlity*,  bccanse  (he  speeiRc  gravity  of  gaseons  Duids'"*"""*'^' 
carries  them  to  the  highest  part  of  the  mouth,  which  is 
aetdom  perforated;  tlits being  the  rercrscof  what  happens 
m  animals  (hat  respireair,  whieh  cannot  iiatorally  swallow 
it,  because  this  fluid  escapes  by  the  posterir»r  opening  of  the 
nostrils ;  while  they  can  alt  swallow  nalcr  without  any 
difliciiUy. 

The  celaces,  which  from  their  nature  are  obliged  to  CcUcpx, 
reside  in  water,  are  etnrumstanced  precisely  the  same  as 
fishes.  Ercry  lime  these  animals  open  their  mouths  to  seiie 
their  prey,  they  are  nnder  the  necessity  of  etpclling  the 
fluid  introduced  into  them  ;  and  accordingly  they  are  fur- 
nished with  a  peculiar  organ,  analogous  in  its  effects  to 
that  of  fishes.  By  the  help  of  this  organ  they  expel  the 
water  through  their  nostrils. 

All  the  muscles,  that  Bcrre  in  fish  to  expel  the  water  Mu«rtei  of  « 
from  the  cavity  of  the  mouth  into  that  of  the  gills,  are  the  ^^jj^'''''' '" 
same  as  those  that  produce  deglutition  in  other  species  of 
Inunals:  only  the  apparatas  is  much  more  complex,  as  wtit 

This  commonly  happens  tn  the  batistes  and  tetrodoulci,  which 
oome  to  the  surface  of  the  'nj^ter  Ui  ^iiek  in  air,  and  thus  pitlF 
themselves  up  conuderably. 

A  a  3  readily 
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;  the  atructare  of  flie  oa  h 
,  which  represent  ltd  horns, 


rcadil/ appear  on  comparin 
and  broDchiostegoiu  arches 
eloDgatioDS- 

The  moUoD  thst  produces  the  expulsion  of  the  water 
allogetker  indcpeadcnt  of  that  of'the  mouth  and  throa 
though  it  is  its  commoo  consequence,  and  occurs  alteraal 
ly,  and  is  nearly  isochronous  with  tt.  The  poweri  th 
occasion  the  expuUion  of  the  water  arc  eqoally  situate  abo 
the  head ;  and  it  is  chietly  this  apparatus  of  bonea  and  n 
meious  muscles,  that  renders  the  heads  of  fishes  so  bulk 
for  they  are  frequently  more  than  a  third  of  the  whi 
length  of  the  animal.  The  brouchiostegous  arcbeij  1 
cludad  in  the  substance  of  the  membrane,  take  the  place 
the  true  ribs :  and  in  those  species  that  want  these  bom 
muscles  in  the  shape  of  pouches  falfU  the  same  offic 
actios  on  the  water  nearly  in  the  same  manner  as  the  a 
rides  of  the  heart  on  the  blood,  which  they  propel  into  t 
veatricles ;  or  as  the  muscular  bags  fouDd  ta  the  tpiraclci 
whales. 
Thi)  ihcnrr  1'he  theory  I  have  laid  down  seems  to  be  confirmed  ev 

eoniinned  by     by  the  anomalies,  that  occur  in  some  fishes,  in  wkick  i 
TU^aoi.  spiration  appears  to  be  effected  in  a  difi'ereni  way,  a 

which  consequently  exhibit  some  slight  modificatioas  In 
^  organs. 

Tvo  pecu-  The  common  phenomena  of  the  respiration  of  fiahei  hi 

lUtitia.  already  been  described:  but  there  are  some,  as  the  pla^ 

■tomes  and  cyclostomes  amoDg  the  cartilaginoiu  fislu 
which  do  not  constantly  take  in  water  at  the  month;  a 
others,  in  which  respiration  may  be  termed  arbitrary  in 
movements.  These  two  peculiarities,  which  I  aholl  ei 
mine  somewhat  at  large,  seem  to  show  great  analogy  w 
the  reptiles  already  noticed. 

The  rays,  sawlUh,  aud  many  of  (he  sqaali,  when  tl 
'T  make  no  effort  to  susiaia  tliemselvce  in  tbc  water,  tiaUTl 
sink  to  the  bottom,  and  lie  on  the  sand :  and  as  their  b^od 
are  in  the  under  surface  of  ihc  body,  if  they  opened  fh 
like  other  tiihcs  to  draw  in  wafer,  they  would  nKcnai 
suck  up  graTcl  and  other  foreign  matters,  by  which  tt 
gills  might  be  wounded.  On  this  account  they  tvom  to 
able  to  breathe  ia  tho  manner  of  frogs  aud  adult  nltiu 


that  rr«qi 
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dcn>  ii&fureba*ing  furniehcd  them  with  two  apcrturM  at 
the  top  of  the  head  communicaliDg  directly  with  the  throat. 
These  are  real  nostrils,  placed  behind  the  eyes,  but  foriocd 
to  admit  the  water  into  the  mouth,  vheneTer  the  throat 
dilates.  The  return  of  the  liquid  in  the  same  direction  is 
prevented  by  valves  ;  and  theanimal,  performing  the  action 
of  deglutition  without  opening  the  mouth  or  (esophagus, 
forces  the  water  into  the  cavities  of  the  gills. 

The  mode  of  respiration  too  must  be  different,  but  for  ^ii,  in  fi«liei 
another  reason,  in  the  lampreys  and  gastro bronchi,  the  only  aih-m,  o"ii> 
■pedes  destitute  of  truejaws  ;  and  which  have  been  classed  wild  bodiri,  by 
perhaps  erroneously  among  the  vertebrate  animals,  from 
which  they  differ  considerably,  as  I  intend  to  show  in  a 
■  paper  that  1  shall  soon  have  the  hoaoor  of  laying  before 
the  class. 

Many  of  these  species  are  parasitical ;  they  fasten  them- 
■clves  by  the  mouth  to  other  fishes,  or  fix  themselves  on 
ftones  and  other  solid  bodie*  by  the  help  of  this  part  and  ft 
kind  of  suction.  The  water  therefore  must  necessarily  enter 
by  some  other  orifice,  that  of  the  mouth  being  closed,  la 
fact  we  perceive  on  their  head,  or  in  their  lips,  a  paluloufl 
orifice  opening  to  a  canal,  which  directs  the  water  into  (ha 
throat  at  often  as  a  vacuum  is  produced  in  it.  The  motion 
of  deglutition  that  follows  forces  this  water  to  penetrate 
Jnto  peculiar  cavities,  in  which  the  bronchix  liuat;  without 
this  fluid  being  able  to  issue  out  by  the  same  orifice,  though 
Sloeh  ascribes  this  faculty  to  them,  and,  as  well  as  Ronde. 
Jetius,  has  figured  (his  sort  of  fountain  in  several  of  (he 
plates  of  his  superb  work. 

All  these  fishes  then  are  circumstanced  precisely  the  same  Thnesimilar 
»s  the  batrachian  reptiles,  since  they  inspire  water  at  ""^  |^g"(j„' "j^j^ 
nostrils,  and  by  deglutition  force  (he  fluid  into  (he  pulmo- 
nary cavity,  from  which  it  it  afterward  discharged  by  a 
different  orifice. 

We  find  too  some  pccniiaritiet  of  conformation  in  other  PwuliBiiiiM 
tpecies,  the  respiration  of  which  is  as  it  were  arbitrary,  at  ,io"j,  i„som» 
Jeast  as  to  the  duration  of  the  three  periods,  or  inoTcracnts,  ^e^ee  aibi- 
that  compose  its   mecbanism,  namely  inspiration,  dcgluti-    "^' 
tioD,    and  expiration-      liesiJet,  these  circumitauces  pro. 
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duce,  as  we  shall  see  presently,  a  result  nearly  similar  i 
that  I  hare  mentioned  in  the  tortoise* 
Fishes  that  Itve  There  are  fishes  that  lire  habitually  in  mud  and  sani 
habitually  in  gome  to  lay  snares  for  the  species  on  which  they'  feed, 
the  lophii,  sikiriy  murenophides,  &c. ;  others  to  sheli 
themselres  from  the  attacks  of  more  Toradous  fishes,  as  t 
ammodytes,  callionymi,  batrathoides,  cotti,  Sec.  In  genei 
in  all  these  inhalntants  of  the  mud  we  find  the  jcarity  of  t 
bronchia  considerably  expanded,  in  order  to  recdre 
larger  quantity  of  water,  which  is  kept  as  it  were  in  i 
rerre :  we  perceive  also,  that  the  radii  of  the  bronchios 
gous  membrane  are  considerably  elongated,  and  the  c 
temal  aperture  of  the  bronchias  b  very  small  in  proporti 
to  the  extent  of  the  carity*  All  these  circumstances  i 
Tcry  naturally  explained,  when  we  know  these  spoci 
like  frogs  and  tortoises,  require  several  successive  aspij 
tions,  to  fill  with  water  that  kind  of  bag,  in  which  i 
bronchiae  are  immersed,  and  which  can  be  emptied  at  om 
when  the  fish  has  no  longer  need  of  remaining  in  ambusca^ 
or  comes  into  pure  water  to  inspire  a  fresh  portion. 
An  additional  We  find  an  addition  to  the  common  organization  in  ihi 
organ  in  such    gpccj^g  ^f  fighes,  which  in  certain  peculiar  circumstan< 

as  can  live  some    r  7  r 

time  out  of       Can  leave  the  water,  and  remain  on  land,  or  in  the  mud 

water.  half-dried  ponds,  for  a  larger  or  shorter  time.     I  am  i 

speaking  here  of  the  false  bronchia;,  which  Mr.  Broussoi 

has  very  well  described  under  the  name  of  pseudobronch 

and  which  has  since  been  found  in  several  fishes;   but  oi 

peculiar  organ,  a  vascular  expansion  analogous  to  lun, 

which  lies  loose  in  a  cavity  appropriated  to  it,   but  comir 

nicating  with  that  of  the  common  bronchia*,  from  whirl 

receives  water.     Consequently  this  is  an  accessory  ore;; 

similar  in  its  uses  to  the  air-bags  observed  in  the  chamcltM 

and  in  all  birds.     It  is  true  we  are  yet  acquainted  with  i 

instances   of    this    remarkable  arrangement;    but    1   si 

point  out  five,  that  are  very  striking. 

Instances  of  I  shall  first  mention  the  cephalopholis  scansor  of  Tr; 

^^'  quebar,  \_perca  scandens]^  described  by  Daldorf  in  the  , 

volume  of  the  Linnean  Transactions.  This  fish,  whicl 
in  the  Museum  of  Natural  HisStory  at  Paris,  has  the  facii 
of  climbing  trees  by  means  of  the  spines^  with  which 

difier 
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dtlTt-rcnt  parU  of  the  opcrcnU  are  furnlshad.  The  ospkro- 
mtnet  gorami/t  Uic  organisation  of  which  has  been  dcscnbcd 
4nd  figured  from  Commurson  by  dc  Lac£|>edc,  and  which 
appears  tu  possess  the  etuae  organ,  as  far  as  may  be  judged 
from  the  sirncliirc  and  analoffy.  The  macroptert/nulus 
f^armuth,  the  supplementary  bronchise  of  which  have  been 
.described  by  prof.  Geoffrey  in  the  3fd  Tolame  of  the  Bul- 
Jctin  lies  Sciences.  The  tetrodon  Ihnkemi,  flgurcd  by 
.Blueh  under  the  name  of  hirisaon  tigri,  which  has  exhi- 
Utcd  the  same  organs  to  Mr.  Schneider.  And  lastly  the 
•h^drarggrus  iisampine  Lac,  which  Mr.  Umc  found  ia 
sCaroliiia,  and  of  which  he  has  given  us  some  specimens  for 
the  Museum.     In  this  £sh  I  have  jusi  found  these  organs. 

From  the  preceding  facts  it  appears  to  fullow,  that  the  Cannniiantie. 
inechantcal  act  of  re^piratioB  in  fishes  is  similar  to  whftt^*^^^"J^ 
.takes  place  in  several  reptiles,  and  that  the  motion  of  re.  spiniion  and 
tpiratton  is  necessarily  combined  with  that  of  deglutition,    '^'j""""' 
This  connexion  between  the  organs  however  need  not  sur. 
prise  us,  when  wc  sbscrve  under  ullier  circumstances,  aod 
for  another  object,  this  same  function  of  respiration  ne> 
ccssarily  combined  in  the  reverse  order  with  the  act  of  de- 
glutition.    Thus  the  adult  elephant  cannot  driuk,   if  he  do  II  occun  in  the 
not  make  a  strong  expiration  into  his  trunk  at  the  moment'  "'^      '* 
uf  deglutition.     Other  functions  miglit  aflord  us  manyana. 
Ingous  examples;  but  these  considcralions,  though  highly 
important,  would  be  misplaced  here,  and  carry  us  too  far 
from  uur  subject. 


Farther  Etfierimentii  on  Ihe  alkaline  Strength  of  the  Pro- 
diid  of  the  OxigeHiUion  uf  Poloisium,  teilh  OtiserpatUnts 
on  Ihe  Nature  of  the  ulkiiliite  MctathiiU :  bj/3.  Mubsait, 
lecturer  un  Qhemintr^,  Edinburgh. 

To  Wk.  NICIIOLSOX, 

Ed/nburgh,  AprS  the  Ut,  1811. 
SIR, 

In  the  communication  inserted  in  the  last  Nnmbcr  of  your  Object  lodcif 
Journal,    I  gaie  an  accimnt  of  some  experimenta,  made^j^rlijve'^'^""' 
with   the    view  of    ascerLaining  the  comparative  alkitlinexrmgth  of 
strenijth 
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common  potash  ttrength  of  the  potash  formed  by  the  combnstioQ  of  pot| 
and  that  fron^   ffom,  and  of  fnsed  pota^  pcepared  bjr  the  nsnal  procei 
The  factS)  that  fused  potaish  contains  a  considerable  pc 
tioQ  of  water,  and  that  in  ite  decomposition  by  galrani 
Aere  is  not  that  evolution  of  hidro^en  which  might 
fBzpected  from  the  decomposition  of  this  water,  lod  me 
anppose,  that  hidrogen  enters  into  the  composition  of  p 
assinm,  and  that  the  potasfium  in  burning  must  form 
alkali  containing  water ;  and  the  most  direct  mode  of  i 
termining  this  appeared  to  be  the  ascertaining,   whether 
product  of  the  combustion  of  potassium  is  the  same  or  i 
in  alkaline  strength  with  common  ignited  potash.     As  i 
is  an  inrestigation  of  considerable  delicacy,  and  the  prei 
determination  of  it  difficult,  I  hare  since  been  occupied 
repeating  and  dirersifying  my  former  experiments. 
Chief  lourcQs of     The  principal  sources  of  errour,  which  attend  the  ini 
piirouf.  tigatioB,  appear  to  arbe  from  the  difficulty  of  conrert 

potassium  into  potash  by  combustion,  without  ita  acting 
tte  substance  with  which  it  is  in  contact;  and  from 
various  degrees  of  oxidation  of  which  it  is  susceptible,  i 
which  are  not  easily  determined. 
Potassium  ac^       ^^  burning  potassium  on  platina  the  latter  metal  is  ac 
onplaiinawhciiQi,^  and  a  portion  of  its  oxide  remains  mixed  or  combii 
with  the  potash  formed,     t  have  noticed  the  insoluble  pc 
der  which  remains,  when  the  product  of  the  combustioi 
dissohed  in  water,  and  which  is  probably  principally  ox 
of  platina.    This  substance  baring  been  collected  and  ca 
fully  weighed,  and  the  weight  deducted  from  that  of 
product  which  had  been  dissplred,  it  did  not  appear  p 
bable,  that  it  could  girc  rise  to  any  important  errc 
Still  it  was  desirable,  if  possible,  to  aroid  its  operatic 
and  I  endeaYOured  therefore  to  find  some  other  iubsta 
on  which  the  potassium  would  not  act,  but  without  succ 
So  it  does  on     ^^  burning  it  on  Chinese  porcelain,  the  surface  is  crod 
china,  and  on  afterward  dissolving  the  alkali  in  water  a  light 

andonsilTeri    lM»POW«J>ke  P'C<Mpitate,    probably  silex,  falls   down, 
burning  it  on  silrer  there  is  also  9  mutual  action  betn 
the  silrer  and  the  potassium  indicated  by  a  small  qnantit 
precipitate,  when  the  product  of  the  combustion  is 
iolred  ifi  water.    It  appeared  to  |ne  hQwerer,  that 

ac 
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•ction  both  on  the  porcetaia  and  (he  silver  is  considerably  l>i.<i  In;  ilun  «b 
leas  than  that  on  the  plstina,  and  I  employed  them  tbcrc-  f*'"" 
furB  in  the  following  experiments. 

ScTcn  grains  of  potassium  were  burnt  on  a  lilrer  basin.  Eipci 
During  the  combsstion  a  portion  was  dissipated  in  a  dfnso  ^''  ^ 
white  smoke,  and  the  prodnct  did  not  ei^cred  7  grains  ;  it  vur. 
was  or  a  grayish  colour,  and  fusible,  remaining  soft  and 
nearly  liquid,  at  a  low  red  heat.  Fire  grains  of  it  vera 
weighed  while  warm,  and  were  dissolved  in  ivatcr.  The 
solution  was  nearly  transparent,  depositing  only  a  few 
floceuJi.  It  was  neutralized  by  an  acid,  composed  of  one 
part  of  nitric  acid,  by  tcefgkt,  and  twenty  parts  of  water, 
and  of  which  5  grains  of  igniled  potash  neutralized  139 
grains  •.  The  quantity  required  for  neutralixaHon,  after 
separating  the  insolnble  matter,  and  allowingas  accurately 
as  possible  for  its  weight,  was  eqiiicalcut  to  141  grains  to 
fi  grains  of  the  product  freu  from  this  matter,  and  similar 
results,  with  difl'crcoccs  of  not  more  tlian  2  or  3  grains, 
.   were  obtained  on  scTcral  repetitions  of  the  CKpcrirnenl. 

ScTCn  grains  of  potassium  were  burnt  on  a  cnp  of  Chinese  P.it»»l 
porcelain.  The  product  was  lighter  in  colonr  than  in  the  ^.^-'"^ 
preceding  experiments,  being  of  a  yellowish  gray,  nearly 
white.  Fire  grains  of  it  were  weighed  while  warm,  anddii- 
solted  in  water.  A  floccnient  gelalinouslike  precipitate 
subsided,  which,  as  it  was  found  to  be  dissolved  in  a  pre- 
ceding experiment  by  aiery  weak  add,  was  removed  befora 
neutralization)  dried,  and  weighed.  ThcsolutJon  required 
for  neutralization,  of  the  diluted  nitric  acid,  a  quantity  equal 
to  141  grains  to  5  grains  of  the  product  free  from  this  in- 
soluble matter. 

These  experiments  then,  in  common  irith  those  I  have  The  prodiirt 
formerly  stated,    appear  to  establish  the  conclusion,  that  ,■")  .^J'^' 
the  potash    produced   by  the  combustion  of  potassium  is  fused  poLub. 
very  little  superior  in  the  power  of  neutralizing;  an  acid,  to 
the  common  fused  potash.      It  is  with  mnch  caution  that  I 
have  admitted  this  conclusion,  as  the  opposite  result  has 
bi'en  supposed  to  be  established,  on  the  authority  of  same 

•  The  acid  which  I  used  in  mv  former  experiments  was  conv- 

pos^dofonep^rt  ofoilricacidby  Hiuiiurc  with  30  parts  of  vvatcr. 
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But  potassium 
may  be  <>xided 
in  di£fereiit  de- 


This  might 
have  affected 
the  result. 


though  it  did 
not  appear  to 
be  the  case. 


The  experi- 
ments favour 
the  opinion, 
thai  potassium 
is  a  compound 
of  a  meial  with 
hidrogcn. 


emiaent  chemists.  Bat,  after  taking  efcry  precaution  to 
guard  against  any  source  of  fallacy,  I  hare  been  able  to  ob- 
tain no  other  result.  If  the  product  of  the  combustion  of 
the  potassium  were  the  real  alkali,  5  grains  of  it  ought  to 
haye  neutralized  102  of  the  aboye  acid,  since  5  grains  of 
ignited  potash,  containing  at  least  14  per  cent  of  alkali,  neu- 
tralized 139  grains. 

The  only  circumstance  which  I  can  discoyer,  as  leayinf 
anj  room  for  doubt,  is  that  of  the  different  degrees  of  oxi. 
dation,  of  •  which  potassium  is  susc'eptible.  There  is  reason 
to  belieye,  that  a  compound  may  be  obtained  at  a  lower  de« 
gree  of  oxidation  than  pptash ;  and  from  the  more  recent 
experiments  of  jGray-Lussac  and  Thenard,  the  general  re- 
sult of  which  has  been  stated  by  Mr.  Dayy,  it  farther  ap- 
pears, that  another  compound,  in  which  the  potassium  is 
more  highly  oi(idated  than  it  is  in  potash,  may  be  formed. 
This  last  substance,  they  haye  stated,  contains  three  times 
more!  oxigen  than  potash  does ;  this  excess  of  ozigen  is  ex- 
pelled by  exposure  to  a  red  heat,  or  when  the  product  is 
dissolved  in  water,  it  is  disengaged.  If  this  substance  had 
been  the  one  operated  on  in  the  above  experiments,  it 
might  give  rise  in  part  to  the  apparently  equal  alkaline 
strength  of  the  potash  formed  by  the  combustion  of  potas- 
sium, and  ignited  potash ;  as  a  given  weight  of  it  would  con. 
tain  less  real  alkali  than  when  this  excess  of  oxigen  was  not 
present.  But  the  circumstances  connected  with  the  experi- 
ment lead  me  to  believe,  that  no  important  errour  from  this 
cause  could  have  operated.  The  product  of  the  combustion 
of  the  potassium  was  always  kept  for  some  tlmeat  a  red  heat, 
before  it  was  operated  on,  by  which,  according  toGay.Lussac 
and  Thenard,  this  excess  of  oxigen  is  expelled ;  and  except 
in  one  experiment  no  effervescence  was  perceived  on  dissolv- 
ing it  in  water. 

If  these  sources  of  errour  have  not  operated,  and  the  ex- 
periments be  correct,  they  appear  to  me  to  support  the 
opinion  I  have  advanced  with  regard  to  the  nature  of  potas. 
slum.  Were  it  the  real  base  of  the  alkali,  forming  it  when 
combined  with  oxigen,  the  compound  thus  formed  must 
be  superior  in  alkaline  strength  to  common  potash,  which 
contains  so  considerable  a  proportion  of  combined  water. 

ExcludJBQ^ 


i  > 
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Excluduig  tJiehypotiicSis  of  Gay-LoBsacauJ  Thenar*],  llicre 
aiipears  to  recoain  only  one  other  tiew  tt  be  adupled — that 
poUssiura  ii  the  metallic  base  of  the  alkali,  combined  with 
hidc'igcn,  the  rcnl  alkali  being  a  metallic  oxide,  irhiih  in 
common  potBuh  U  combined  with  nalcr.  In  its  decumpoai  lion  . 
the  o\[gvu  both  of  ihf  oxide  and  at  the  water  is  separated, 
while  the  mvlutlic  base  and  thu  hidrogcn,  or  part  of  the 
hidrifgpo,  com  bin  in  I!,  form  pulasiiigin ;  and  im  the  combus- 
tion of  Ibii  priHlucf,  its  busu  and  i(a  hiJro^en  unite  with  the 
oxigeu  consumod,  forming  an  alkali  combined  with  water, 
aud  therefore  not  superior  in  alkaline  strength,  at  Irast 
not  to  a  great  cxtint,  to  the  polath  in  which  water  is 
combined. 

Wishing  to  avoid  erery  saurc«  of  fallacy,  I  thought  of  ^iTli^cxperi- 
difTcreiil  mode  of  conducting  the  exporinicnt,  and  this  I  haTC^Jj"' '""''' ^ 
to  slate  has  alTordcd  a  rosult  somewhat  diflerent.  Mr.  Davy 
had  infcTred  from  the  conibnstiuu  of  potussium  in  oxigen 
gas,  that  HG-l  of  it  combine  with  I3'9  of  oxigcn  to  forin 
100  of  potash.  From  its  oxigenalion  by  water,  lie  had 
slated  the  proportions  at  &i  of  base  and  16  of  oxigcn.  The 
former  ap[Karcd  (o  be  the  most  direct  mode,  and  I  there- 
fore preferred  the  estimate  foundcti  on  it.  Supposing  then 
86  ol  potassium  to  unite  with  14  of  o\ig«a  to  form  100 
of  potash,  1  took  4'3  of  potassium,  which  according  to 
this  estimate  are  equivalent  to  5  of  real  potash,  and  expos, 
ed  it  (the  vesi^cl  being  covered  with  a  ttlip  of  muslin)  to  a 
hnmid  atmusphere,  until  it  waa  caiivcrled  into  aKolulion  of 
putash.  This  I  found  required  for  nuutralixation,  taking 
the  mean  of  ciirural  cxperimcnis,  of  which  the  retullt 
Taricdvery  liillc,  of  the  diluted  acid  employed  in  the  above 
«X]ieriw>:nt8  t^4  grains, 

Ilerelha  power  of  noulralizalion  in  the  alkali,  formed  by  apppaccdio 
the  Qiigenatiua  of  potasiinm,  supposing  it  to  consist  off^^^ 
8Q  of  baio,  and  14  of  oxigcn,  is  considerably  superior  to 
the  panoi-  of  ncutratiialion  of  an  equal  weight  of  ignited 
^otoih,  tktt  one  being  iJd,  the  other  154.  It  appears  to 
hkve^tietu  by  this  mode  uf  experimeul,  that  chemisis  hare 
^fterniiafid  tftr.  coinparatire  alkaline  strength  of  oxigenated 
potassium,  and  fused  potash;  at  least  I  halo  seen  no  ac- 
couulsvf  any  attempts  to  do  this  by  experiments  on  the  real 
product 
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product  of  the  combustion  of  potauium.    Hence  tfae  agree 

mentia  the  coaclusion,  that  (lie  alkaline  strength  of  tli 

former  i(  superior  to  that  of  the  alkali  in  iti  real  state. 

Cilculitlon  of       To  perceiic  more  clearly  to  what  cancluiiun  this  result 

■eiiljuii^uld *"PP''*'''8  '*  to  ^^  correctly  cstiblithed,  leads,  it  na/ b 

have  beei]         Calculated  what  quantity  of  acid  the  quantity  of  real  alkal 

neuiralLted.       f^^^  ^.^  ^f  potassium  ought  to  Deutralize.     Fire  gr^ni  o 

ignited  pot&sh,  containing  14  per  cent  of  water,  neutralizi 

139  grainn;  fire  grains  of  real  potash,  free  rrom  water 

ought,  according  to  thii,  to  neutralize  im  grains;    irhic 

is  the  quantity  of  course  which  the  4*3  of  potaisiam  ongh 

to  hare  uButralizcd,  on  the  suppoEitioa  that  in  combinlof 

witli  oxigcn  it  forms  the  real  alkali. 

Now  although  the  alkali  produced  from  the  oxigenatiai 
of  patojsium  is  thus  inferior  to  real  potash  in  neutraliziDj 
power,  a  resalt  which  so  far  supports  the  ipeculatian  : 
have  adranced,  yet  it  appears  to  be  superior  c^insideralilj 
to  the  ignited  potash;  and  this  may  be  supposed  therefan 
to  ioTalidate  the  first  scries  of  experiments,  in  which  tbi 
alkali  formed  by  the  combuslion  of  potassium  was  foant 
little  superior  to  ignited  potash.  To  admit  of  this  Iftttei 
conclusion,  bowerer, '  it  must  be  supposed,  that  th< 
proportions  in  which  potassium  and  ongen  comlrini 
to  form  pnre  potash  are  accurately  estimated  ;  and  thu 
can  scarcely  be  considered  as  determined  with  petfecl 
certainty.  \o  experiment  is  more  exposed  to  toorces  ol 
crrour,  both  from  the  different  degrees  of  oxidation  of  whicl 
potassium  appears  (o  be  ^{^«ceptiblc,  and  the  action  whtd 
it  exerts  during  its  combustion  on  the  substance  with  whicl 
it  is  in  contact.  These  become  too,  of  mncb  greater  impor. 
porlance  in  the  experiment,  and  even  the  accuracy  of  tb) 
estimate,  iadependent  of  them,  becomes  more  doubtful, 
from  the  smallness  of  the  quantities  which  have  hithertc 
been  operated  on.  If  from  any  of  these  circumstance*  thi 
proportion  of  ovigen  has  been  underrated,  even  to  s  amal! 
extent,  the  diifcrcncc  between  the  result  of  the  abore  expoi 
rimcnt,  and  of  that  in  which  the  alkaline  strength  of  thi 
product  of  the  combustion  of  potasuum  was  directly  asoer. 
tait)^}  will  U  accouuted  for.. 
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Another  circnmstaDce  is  to  bo  attended  to,  of  much  iin.  The  caicoUiinn 
porUncc  with  regard  to  the  conclusion,  so  fur  as  it  relates  b v^ih"  tl^i'iL 
to  the  general  theory.  The  estimate  of  14  per  cent  of  iiutashnot  be 
water  in  ignited  potash  is  the  lowest  that  has  been  ""ade.  ^'^(p^^^^ 
Berthollct  himself,  on  irhose  authority  it  rests,  has  consi- 
dered it  probable,  that  there  is  a  larger  quantity ;  the  ab. 
•traction  of  the  whole,  cien  by  its  decomposition,  being 
prerented  by  the  powerful  affinity  exerted  to  the  last  por- 
tiong.  Uy  d'Arcet  the  proportion  hai  been  stated  at  V 
in  100  parti.  Mr.  Davy  has  Inferred  from  an  experiment, 
in  which  potassium  was  conrorted  into  muriate  of  potash  in 
muriatic  acid  gas,  that  fused  potash  must  contain  nearly  33 
per  cent  of  water;  and  more  lately  he  has  remarlted,  tluit, 
if  the  proportion  were  to  be  judged  of  from  the  loss  of 
weight  in  coiiibiaing  common  potash  with  boracic  acid,  it 
would  appear  (o  be  from  Id  to  20  per  cent.  If  we  takeihe 
lowest  of  these  numbers,  20,  then  the  liie  grains  of  ignited 
llotash,  containing  20  per  cent,  aeutralizing  l.t9  grains,  b 
grains  of  real  potash  ought  to  neutralize  174,  anil  this  is  the 
quantity  that  ought  to  have  been  neutralized  by  4*3  of 
potassium,  supposing  it  to  form  the  real  alkali  by  oxj- 
geuation. 

The  result,  therefore,  from  this  mode  of  experiment  can.  Tl'«'""'^ 
not  be  considered  as  infalidaling  the  result  from  (he  more ,,1^1,1**1* 
directmode  of  trying  the  alkaline  strength  of  the  actual  pro- *= ''TP°*"** 
duct  of  the  combnslion  of  potassium,   and  cren  by  itself  is 
not  incompatible  with  the  conclnsion,  that  a  portion  of  hi- 
drugen  exists  in  potassium,  but  rather  leries  to  establish  it. 

The  circumstance,  that  there  is  00  sensible  efolation  of  Argnmcntfiom 
Iiidrogen  In  the  decomposition  of  common  potath  by  galra.  (,,j„-g„ 
nism,  still  appears  to  me  to  go  far  towards  establishing  the 
opinion,  that  hidrogea  enters  into  the  composition  of  potas- 
sium.    Mr.  Da*y,  in  reply  to  Mr.  Dallon,  who  had  staled 
this  in  support  of  the  opinion  of  Gay-Lussac  and  Tlieoard, 
has  lately  remarked,  that,  in  using  a  weak  gahanic  power, 
inch  as  that  which  bo  employed  in  his  first  experiments,  and 
by  which  small  qnanlitiea  only  of  the  metals  are  procured, 
there  is  no  sensible  elfcrrescence ;  bat  thai,  when  from  £00 
to  lUOO  plates  are  used,  there  is  a  violent  elTervesceoce,  and  oppotpd  bf  It* 
%  prodactlOD  of  bidrogcn,  and  tometimei  of  P'''***"""<'i*^"[,'°"""^ 
birogGD,  lunces. 
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But  this  ac-  liidrogen,  connected  with  the  formation  of  the  mbtal.  This. 
counted  for  by  think^  admits  of  a  different  conclosion  from  that  which  is  i 
tion  of  thewa-  ^^"dcd  to  be  drawn  from  It.  Water  is  certainly  more  easy 
terinthepot-  decomposition  by 'gal  Tanism  than  potash  is;  when  the  g; 
yanic  power  therefore  is  snfiiciently  strong  to  decompc 
!  the  latter,  it  must  be  able  to  decompose  the  former ;  and 

coarse,  when  common  potash,  containing  water,  is  decoi 

posed  by  a  galvanic  battery,  this  water  can  scarcely  beta 

I  posed  to  escape  decomposition.     And  the  hidrogen  of  sn 

a  portion  of  water  cannot  be  supposed  to  pass  off  uno 

served,  for  although  the  htdrogcn  in  water  is  to  the  oxyg 

only  as  15  to  85  by  weight,-  yet  it  is  as  2  to  1  nearly  ] 

Tolume :  and  hence  in  the  decomposition  of  water  by  gaW 

[  nism,   the  disengagement  of  elastic  fluid  at  the  negatiTe  si 

I  Farther arffn-     is  much  more  abundant  than  at  the  positive.     It  is  farth 

1  exlstwice  of *^    ^^  ^  considered,  that,  from  the  small  qnantity  of  oxyg\ 

(  hidrogen  in  the  which  enters  into  the  composition  of  potash,  and  the  larj 

diiced.^    ^"*'   ^oa'^tity  of  it  which  exists  in  the  composition  of  water,  tl 

quantity  of  it  belonging  to  the  water,  which  common  fnsi 

potash  contains,  supposing  this  to  be  only  15  per  cent,  is  cquj 

to  the  quantity  which  is  contained  in  the  real  alkali. 

both,  therefore,  are  decomposed  in  the  galvanic   actioi 

■>  half  the  quantity  at  least  of  the  oxygen  disengaged  at  it 

{  positive  wire  must  be  from  the  water,  a  quantity  of  hidrc 

gen  double  the  -juantity  of  this,  that  is  equal  in  volume  i 
I  the    whole    oxigen   evolved   at  the  positive    side,    ougl 

to  appear  at  the  negative  side;  if  an  effervescence,  then 

■ 

!  fore,  is  perceived  at  the  former  from  the  disengagement  c 

oxigen,  an  equal  effcrvessence  ought  to  be  conspicuoos  a 
the  latter;  and,  since  it  is  not,  we  can  scarcely  avoid  th 
conclusion,  that  the  hidrogen,  or  at  least  much  of  it,  cntei 

I  into  the  composition  of  the  globules  of  metallic  mattei 

which  appear  at  the  negative  side.  With  regard  to  the  faci 
that  when  the  potash  is  under  the  action  of  a  very  powerfu 
battery,  there  is  a  violent  effervescence,  and  production  o 
hidrogen,  and  potassuretted  hidrogen,  I  suppose  this  mus 
arise  from  the  intetlse  heat  excited  at  the  point  of  decompo 
sitioh,  by  which  an  elastic  combination  of  potassium  an 
hidrogen  is  established.  If  there  is  a  certain  degree  of  gal 
Tanic  energy,  at  which  hidrogen,  pure,    or  not  holding 


1 
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any  potusiaoi  in  solution,  is  expelled,  it  i*ouId  duerre  ti) 
be  made  Ui«  subjecl  of  CT]>friinetit  wlicthcr  the  mdal  ob. 
Iftined  ii  precisely  the  same  nilh  the  tnetal  procured  whi-n 
there  Is  no  sensible  dismga^ement  of  liidro^cn;  though  still 
il  is  possible,  that  in  all  casus  a  portion  of  the  hidrugcn  of 
the  water  in  fused  polush  may  be  disengaged,  which  bcromcs 
only  more  eridenl  when  a  Inrgc  quantity  of  the  alkalis 
is  decomposed  by  a  powerful  gal  v&nic  battery.  1 1  can  scarce- 
ly hawever  be  supposed,  (hat  the  whole  of  the  hidrogen  is 
disengaged,  else  it  muKt  be  apparent,  if  the  aboTc  obsur- 
valions  be  jusi,  uTcn  in  the  eiperimeKt  whore  the  weakest 
power  is  employed,  for  the  volume  of  elastic  fluid  to  be 
disengaged  at  the  one  side,  if  the  water  is  decomposed  (and 
of  this  decompoviiiofl  scarce  a  doubt  can  be  eatcrtained)  is 
as  large  as  that  dtseuf;aged  at  the  other. 

In  the  method  of  procuring  potassium  by  the  action  ofWhenpota^- 
iron  on  potash,  at  the  lemiierature    of  iguiiion,  a  disen-'"''?,'?^'°^ii^ 
^agcmcntof  hidrt^en  gas  takes  place  during  the  proceis;   atif  imn,  tlidii- 
fact   which  may  be  sopposed  to  pro»c  at  least,  that  f'e^J^pltd'from 
w-holo  hidrogcn  of  the  water  contained  in  fused  potash  docs  thai  portian 
n»t  enter  into  the  cumposiliun  of  the  potassium  whicb  lliat*'."^  lUeTron"* 
potash  yields.     This  may,  perhaps,  be  admitted;  il  i«  pos- 
sible, as  I  hate  already  remarked,  that  a  portion  only  of 
the  hidrogcn  exists  in  (he  potassium.     Yet  in  drawing  this 
conclusion  one  circumstance  is  to  be  attended  to.      The 
greater  part  of  (ho  base  of  the  potash  is  ohtaioed,  not  in. 
■slated,  but  in  combination  with  iron.     The  hidroinen  of 
.this  latter  portion  may  be  expelled,    the  iron  combining 
1*1111  the  real  metallic  matter,  and  this  may  afibrd  thegrcatur 
part  of  the  hidrogcn  that  is  disengaged. 

Potassium  has  an  affinity  to  hidrogen.     Il  combines  with  ComiiDuixli  of 
Hut  gas  so  as  to  form  an  elastic  compound  ;  and,  according ^j"^"™,^ 
to   tlie  experiments  of  Gay.Liissac  and  Thenard,    it  aliiom»I. 
combines  at  a  high  temperature  with  a  large  quantity  of  hi- 
drugen,  and  forms  a  solid  substance  of  a  light  gray  colour, 
from  which  hidrogen  is  disengaged  by  the  action  of  water. 
Jhir.  Davy  was  unable  to  obldin  thh  re4uU;   but  these  che. 
mists,  aware  of  the  objection  he  bad  made  tu  tlieir  experi- 
ment, hare  more  lately  repealed  it,  and  haTuaffirmed,  tbat, 
when  potassium  is  heated  ui  bidrogea  ga«,  a  quantity  vf  the 

8" 
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gas  18  alMorbed,  and  a  solid  covpoand  of  potassium  a 

hidrogen  formed.     These  facts,  at  proTing  the  cxisteace 

an  affinity  between  potassiam  and  hidrogen,  are-faToaral 

to  the  supposition,  that  it  may  consist  of  a  base  combin 

with  a  portion  of  hidrogen;    especially  as   potassium 

Sodium  hta  less  never  formed,  where  hidrogen  is  not  present.     Sodium 

affinity  for  hi-    scarcely  Tisibly  soluble  in  hidrogen ;  it  appears  therefore 

have  a  less  strong  affinity  to  it,  and  may  be  supposed  to 

tain  a  smaller  quantity  in  combination  with  it.     And  fr< 

this  may  arise,  in  conformity  to  the  Tiew  I  hare  given 

my  former  paper,  the  greater  specific  gravity  of  sodiu 

and  the  inferior  attraction  of  soda  to  water* 

The  two  light-      The  lightness  of  the  metalloids  is  probably  owing,  I  ha 

mo^m^au '^'  ^^^»  ^^  ^®  Combination  of  real  metals,  which  form  th 

combine  with    bases,   with  hidrogen;    the  lightest  of  theni,   potassia 

kidrofen.         probably  containing  the  largest  portioQi    It  is  a  curie 

fact  in  conformity  to  this  view,  that  the  two  lightest  mets 

tellurium  and  arsenic,  are  those  which  have  tl^  most  pec 

liar  relation  to  hidrogen,  and  evidently  eiert  an  affinity 

'  it.     Ritter  observed  the  singular  fact,  that,  when  tellnrii 

is  employed  as  the  negative  wire  in  deeomposing  water! 

galvanism,  hidrogen  gas  is  not  evolved,  though  oxigen 

giTcu  out  at  the  positive  side;  at  the  negative  a  powder  fa 

down,  which  he  found  reason  to  conclude  is  a  compound 

tellurium  aud  hidrogen*.     The  observation  is  an  imports 

one,  as  proving  a  combination  to  be  established  by  galvanij 

between  a  metal  and  hidrogen,    though  in   thb  case  t 

quantity  of  hidrogen  combined  appears  to  be  so  large, 

to  cause  the  metallic  qualities  to  disappear ;  as  happens  t 

in  the  combination  of  potassium  with  a  large  proportion 

hidrogen  in  the  experiment  of  Gay-Lussac  and  Thena 

Arsenic  com-     above  quoted  +.     I  have  found,  that,  in  decomposing  wa! 

bmes  with  hi-    -^y  galvanism,  if  arsenic  be  the  metal  immersed  in  the  wa' 

'vaoic  action,     at  the  negative  side,  while  platina  is  at  the  positive  side,  I 

•  See  Journal,  vol.  xxiv,  p.  3 1 8. 
Hidro^n  not        t  These  facts  with  regard  to  the  loss  of  metallic  properties  wl 
an  aeiifurm       hidrogen  in  cousideral)le  proportion  is  combined  with  a  metal 
motal.  unfavourable  to  tlie  hypothesis,  that  it  is  a  metallic  body  in  : 

aerial  form.    The  properties  of  its  oxide,  water,  are  equally  i 

verse  to  tliis  expusiUon. 

liidrq 
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liiJrogen  is  evolved,  than  when  plaiina  forms  the  negati*e 
wire;  and  apparently  less  cTen  than  the  quaatilj  of  gas 
diicharged  al  the  poxitire  side.  A  portion  of  the  htdrogen 
thiTeforo  must  be  retained  in  combination  with  the  arsenic; 
and  if  arsenio  acid  ilightljr  moisteued  be  submitted  to  gal- 
vanic action  in  a  platjna  cup  connected  with  the  positive 
4idu,  on  touching  it  with  a  plalina  wire  from  the  negalite 
aide,  di-nie  white  vapour  arises,  which  is  probably  not 
from  mere  volatilization,  but  from  (be  action  of  hidrogen 
on  thu  arsenic.  It  desertes  to  be  remarked  too,  that  ar- Its  oxide  moii 
■enic  is  of  any  of  the  meUls  the  one  most  soluble  in  w»ier '"'"'''■  ""'•'='^' 
in  its  oxidated  state. 

All  the  facts  I  have  stated  in  this  paper  appear  to  concur 
in  ^ving  probability  to  the  new  I  have  ventured  to  propose 
of  the  nature  of  potassium  and  the  other  luetalloida — that 
they  arc  metafs  combined  with  hidrugen. 
I  have  the  honour  to  be, 
Youra,  tec. 

J.  MURRAY. 
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On  the  Affinitif  of  Muriatic  AeUfor 
tideredteilh  Regard  to  Mb.  Mavy 
Jn  a  Letter  from  a  Correipondent. 

To  Mb.  NICHOLSON, 
SIR, 


•ffirrenl  Boditr,  ton- 
Ideal  of  ill  Nature. 


X  HE  more  I  reflect  i 
nature  of  oximuriatic  : 


ion  Mr.  Davy's  new  Theory  of  thtsRemirlesoalha  , 
id,  the  more  I  am  confinced,  that' „  ".'^".-a 


Well  as  the  nature  of  its  combination 
Yon  trere  good  enough  to  place  in  yo 
month 
fcility  to 


ith  different  bases. 

r  Journal  for  last 

obserfalions  of  mine  relative  to  its  Inapplira. 

phenomena,  which  occur  in  the  production 


«if  the  hyperoximnrnte  of  potash.  Permit  me  n 
your  attention  to  some  facts  relatite  to  the  affinity  of  mu. 
riaticactd  for  different  bodies,  which  appear  to  me  to  ba 
folally  subversive  of  this  ingenious  hypoihesii. 

Vol.  XXVIU.  Sltplement.  Bh  Muri*(» 
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DcoompotMoci      MoriaCe  of  6odft,  according  to  Mr.  Datj,  is  a  conpoai 

of  mufijse  of   ^f  oiinufiatie  wdd  and  metallic  sodiam.     When  saipbar 

phurie  acid.      ^^  ^  added  to  it,  it  is  decomposed  bj  complex  afllntt 

The  water,  which  is  contained  in  this  acid,  fnmishei  t 

drogea  to  the  oiimariatic  acid,  which  thus  becomes  murii 

tic;  aad  oiigen  to  the  sodinm,  which  b  then  saturated  1 

the  snlphuric.    This  explanation  appears  at  first  sight  pe 

haps  satisfactory.     Bat  let  us  eiamine  it  nearer ;  water  i 

know,  is  composed  of  ozigsn  and  hidrogeo.    The  propp 

Horn  of  each  are  Jixed  and  deterwuned.    Sodinm  we  lib 

wise  know  combines  with  oxigen,  as  npon  the  new  hyp 

thesis  does  oiimuriatic  acid  with  hidrogen*     Bnt  the  pr 

'portions  in  which  these  nnite  are  also  Juced  and  Umitt 

Now  is  it  not  primdfaciej  at  least,  a  very  extraordina 

drcamstance,  that  the  quantities  of  oxigen  aad  hidroge 

which  eiist  in  water,  should  exactly  correspond  with  t 

proportions  in  which  sodium  combines  witii  the  one  and  o: 

muriatic  acid  with  the  other  i  And  we  must  suppose  ti 

the  case.    The  component  parts  of  water,  dins  separate 

must'  either  eater  wholly  into  the  new  compounds  formi 

or  they  will  make  their  appearance  each  or  either  In  its  o^ 

peculiar  form.*    In  the  instance  before  ub  neither  of  thi 

appears  in  this  form,    therefore  we  must  look  for  th 

ja  the  new  combinations.     Now  is  it  not  a  very  ancomm 

coincidence,  that  there  is  no  surplus  in  any  of  these  ingi 

dients?   That  the  entire  quantity  of  ozimuriatic  acid 

berated  from'  the  muriate  of  soda  agrete  so  exactly  with  i 

hidrogcn  which  is  set  free  from  the  water,  that  the  wh< 

quantity  of  both  form  muriatic  acid;  while  at  the  sa 

time  the  entire  quantity  of  sodium  likewise  liberated  tali 

as  exactly  with  the  remaining  oxigen  ? 

Ve^MpoA^ion      An  inverse  instance  of  the  same  improbability  occv 

MivCTbrmu-     ^^^  muriatic  acid  is  added  to  a  solution  of   nitrate 

mtitAdd.        siWer.     Here   a    precipitate   is   formed,   which,    acco 

iug  to  Mr,  ^^Yj    mufit  be  oumuriatic  acid  and  sih 

Hidrogen  is  disengaged  from  the  muriatic  acid,  and  oxij 

from  the  oxide  of  sil? er,  which  existed  in  the  nitrate, 

quantity  sufficient,  neither  superabundant,  to  form  watei 

Bdiweneed         But  we  are  not  thus  left  to  argue  upon  improbabiliii 

^^^J2^^^   we  hare  it  in  our  power  to  show  whether  such  rociprc 

cha 
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diftnge  of  parts  ion  Uke  place  or  Dot.     We  know  tbe  re.  "'^  may  focm 

Idllve  quantities  of  tbe  iogredienla  in  the  compouods,  whicb 

WD  originally  submit  Co  rcciprucal  aclion,  and  those  quan. 

tilies  wu  must  account  for.     But,  if,  from  cijiihlis bed  data, 

and  collateral  evidence,  wc  know  tlial  Ihu  constituent  parti 

of  the  urigioal  compnundi  cannot  wholly  combine  in  the 

actual  [iroportious  in  which  they  arc  Imown  to  eiist  in  the 

new  foruii,  and  if  we  have  no  means  uf  accounting  for  any 

such  surplus  or  deficiency,  tbe  hypvlhesis  must  fall  to  the 

ground. 

I^t  Di  thus  eadoATOur,  by  the  aid  of  long  established  and  Exampl*  in  iha 
well  authenticated  analysis,  to  ciplain  the  synthetic  opera.  ^™J|J.*^'^" 
tioni,  which  take  place  in  the  instance  ahore  alluded  to,  soda  bfiul- 
Tiz.    tbe  dccomposilioD  of  muriate  of  soda  by  sulphuric  f^"'"  •*  ' 
acid. 

Water,  which  fulfills  so  important  a  function  in  these 
new  arrangements,  is  composed  of  85  per  cent  of  ougen, 
and  15  per  ccut  of  hidrogen,  (in  round  numbers.)  Mu- 
riate of  soda  consists  of  69  parts  basis,  and  41  acid.  Oxi. 
rauriatic  acid  unites,  according  to  Mr.  Dary*,  with  Ita 
own  bulk  of  hidrogen,  to  form  niurialic  acid.  The  rclatire 
weights  of  these  must  then  be  nearly  97  +  parts  of  the 
former,  and  3  of  the  latter.  Sodium,  npon  the  same  authori- 
ty, combiaes  with  22  per  cent  of  oxigen  to  furm  oida. 

Now  let  lis  suppose,  that  97  parts  of  oiimnriati.''  acid  are 
disengaged  from  their  union  with  the  sodium,  by  the  action 
of  tbe  sulphuric  acid  f .  These  97  parli  will  inslanlly  seize 
upon  three  parts  of  the  hidrogen  of  the  water,  and  form 
muriatic  acid.  Thus  there  willrcmaiu  135  parts  of  sodiom, 
and  17  parts  of  oxig^n.  These  ou^ht  to  combine  to  form 
loda^  which  the  sulphuric  acid  would  then  saturate.     But 

*  See  Journal,  vol.  sxvii,  p.  335. 

f  Guy-Lutsac  states  oximuriitic  acid  to  be  heavier  than  com- 
mon air,  in  (he  proportion  of  347  In  100,  which,  taking  the 
weightof  100  In  that  of  the  latter  to  b«31gialni,  gives  765  foribe 
weight  of  the  former. 

X  The  manner  in  which  the  su1|>li<iric  acid  ucti  is  by  no  means 
satisfactorily  accounted  for.  No  aHiuity  can  'possibly  subsist  be- 
tween il  and  metallic  sodium :  by  what  tomplicalcd  agency  then 
ii  the  oumuriatic  acid  Gi'A  disengaged  i 

B  b  3  vp»a 
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mpofk  the  scale  abore  laid  down,  here  is  a  defidencj  of  nc 
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less  than  SI  parts  of  oxigea  for  the  complete  oxidation  o 
this  qaaotity  of  sodium* 

•  If  we  seppose^  that  upon  the  aetioo  of  the  sulpboric  aci< 

the  sodiim  first  becomes  saturated  with  oxigen,  the  difficult] 

will  not  be  diminished.     For  in  this  case  there  would  be  ai 

inmeasesurplas  of  hidrogen,  above  what  was  neceesary  foi 

the  formation  of  muriatic  add. 

and  in  thmt  of       Thus  likewise,  in  the  solution  of  slWer  in  nitric  mddy  be 

by  mumtic       ^^^  noticed,  the  oxide  contuns  9%  parts  of  metal,  and  8  o 

•bM»  enigen*    Twenty  parts  of  mriatic  add  are  required  to  sa 

iaraCe  these  02  parts,  which  only  gives  0*6  of  a  part  of  hi 

droged  to  eombine  with  the  8  parts  of  oxigea.     But  by  Hu 

foregoing  proportions,  1*4  of  hidrogen  are  required  for  tin 

complete  conversion  of  this  quantity  into  water. 

The  proportions  above  laid  down  I  have  taken  from  thi 
best  anthorities;  and  I  bdievethat  tiie  calculations  fonndei 
npoa  them  are  correct*     But  even  supposing  it  possible  U 
I  adjust  either  of  the  above  examples  to  the  exact  rdativ< 

(  quantities  necessary  to  support  Mr.  Davy's  hypothesis,  j^t 

instances  of  the  like  discrepancy  are  so  numerous  and  so  va 
,  rious  in  their  particulars,  that  to  attempt  to  reconcile  theo 

I  is  a  hopdess  task. 

y  Armament  from     But  there  is  another  objection,  which  is  more  simple  and 

II  tum^mur^tic  ^^^^  self-evident,  than  that  above  stated.  In  the  case  when 
acid  with  metal-  the  oxides  of  metals  give  up  their  oxigen  to  combine  with  th( 

j^  hidrogen  of  muriatic  acid  to  form  water,  as  the  quantity  o 

i  hidrogen  in  muriatic  acid  must  be  definite  and  limited,  thi 

)  quantity  of  this  acid  required  to  saturate  the  dififerent  oxide 

ought  to  be  in  dired  and  exact  proportion  to  the  qoantiti 
of  oxigen  which  they  contain.  But  this  is  not  the  case 
The  oxide  of  potassium  contains  13  per  cent  of  oxigen,  am 
combines  with  36  per  cent  of  muriatic  acid.  The  oxide  o 
sodium  contains  22  per  cent  oxigen,  and  ought,  therefore 
in  this  proportion  to  unite  with  60  per  cent  at  least  of  acid 
But  41  per  cent  will  be  found  to  be  the  utmost  limits  of  i( 
It  J:  union. 

It  k  useless  to  multiply  examples.     One  such  objection 
i*  [  if  founded  in  fact,  would  be  sufficient  at  once  to  overtun 

the  longest  established,  and,  in  othet  respects,  the  com 

pletes 
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p1i?rcat  ttieory.  I  will,  tfierefore,  treipaN  no  farlher  on 
the  limilcd  space  «r  yaur  valuable  Journal.  By  giring  a 
place  iu  it  to  ilic  aboTv  observations,  you  will  rendur  an  iqi. 
pnrtant  service  to  the  cauie  of  chemislrjt;  as  they  must 
either  drai*  from  (he  ingcouity  of  Mr.  Davy  a  reconciliatton 
of  (he  diHerencca,  and  thui  conlinii,  by  Dndcniable  and 
irresistible  rviili-nte,  (he  justness  of  faia  ideas;  or  they 
must  inevitably  confirm  the  insufficiency  of  his  ingenious  hy. 
pothesis.  Fori  am  certain,  that  no  one  can  for  an  inaUnt 
doubt  the  justness  of  the  priuciple  upon  which  (hey  u« 
founded,  viz.  that  iu  the  case  where  two  compoand  bodies 
are  submitted  to  tnntual  decomposition,  the  elements  of 
these  bodies  must  either  be  totally  absorbed,  and  (if  I  may 
be  allowed  ti>c  t»m}  neutralized  by  a  fresh  combinatioB  ; 
or  they  must  appear  in  ihcir  own  peculiar  form,  uid  ivilh 
their  owD  distinguishiiig  characters. 
I  remain.  Sir, 
Your  most  obedient  servant,  and  conitutl  ntdtr, 
ISlhof  Jprit,l8U.  F.  ft 


VII. 

Peinripthn  of  an  economical  Procenfor  Evaporation,  At. 
vented  bi/ the  late  ilJr.  Joseph  Monlgolficr:  bi/ Meurt. 
^  '     Desorm«a  ami  ClCneul  *. 

\j  ONSIDCR.l\li  the  great  effect  of  spontaneous  evapo*  Spontanroi 
ration,  that  bikes  place  from  the  simple  contact  of  air  with  'J'^'"^"'" 
humiil  substances,  or    with   water  itself,   Mr.  Montgolticr  micalpurpi 
Imagined,  that  the  Mme  means  might  be  employed  for  dry. 
ing  without  thea«dstanco  of  lire  a  great  number  of  matters, 
which  are  liable  to   be  injured  by  its  application.     Tht 
instances  of  natural  salt-pits,  and  graduation  houses,  oc 
curred  to  hini,  in  which  evap oration  is  conducted  very  ko- 
nomically  :  but  the  former  ure  adapted  only  to  hot  climates, 
and  the  latter  depend  too  much  on  the  state  of  the  at- 
iDosphere,  to  be  applicable  to  (he  principal  object  he  had  in 
view,  the  desiccation  of  alimentary  substances;  an  opera. 
tiao  of  which  the  object  wa£  to  preserve  them  a  long  time 
*  Abridged  from  tbe  Anitalw  de  Chimic,  vol,  Uxvi,  p.  3*. 
'  without 


I 


i  ■ 


S74  SCOVOMICAL  FROCVf  VOR  STlPORATIOlT.* 

withoat  alteration,  and  without  the  addition  of  sugar,  8al 

;  or  other  mattersi  which  arc  cxpenuye,  and  alter  their  oa 

i  tnral  flavour. 

I  ConcentnUon      He  had  formed,  ia  particular,  the  project  of  ooncei 

«  of  must  for       tratiDg  the  mutt  of  grapes  prei^ious  to  its  fcrmeatation,  i 

northern  coun-  order  to  couTey  it  at  small  expense  to  northern  conntriei 
^^^i  there  to  mal^e  it  into  wine  by  the  addition  of  a  snitabl 

quantity  of  water,  and  then  fermenting  it  The  idea  wi 
grand)  and  perhaps  at  some  future  period  will  be  realised 
but  in  the  mean  time  the  fabrication  of  grape-sugar  b  a 
important  object  for  such  a  process. 

This  process  reqairing  but  a  Terj  moderate  tempecmtun 
which  may  be  that  of  the  atmosphere  alone,  will  render  tl 
sirup  of  grapes  exempt  from  the  empyreumatic  flavoi 
commonly  found  in  it,  though  it  does  not  exist  in  the  fruit 
and  probably  occasion  its  use  to  become  more  extensiTi 

^  thus  contributing  to  the  accomplishment  of  the  benoTolei 

it  Tiews  of  goTemment 

r  and  of  the  juices     Ift  is 'equally  applicable  to  the  CTaporation  of  all  il 

[  ImpioYementini^^^^  ^^  fruits,  and  would  be  particularly  adTantageons  t 

•agar.  '    that  of  the  sugar  cane,  as  it  would  render  the  raw  sngai 

much  whiter,  and  more  pure  than  those  that  usually  come  t 
ns  so  leaded  with  an  uncrystallizable  melasses,  which  girc 
I  them  a  bad  taste. 

Other  applica-       The  economy  of  the  process  too  allows  its  application  i 
j.  tionsofit.         cTcry  process  of  Cfaporation,  that  does  not  require  a  hig 

:,  temperature.    It  might  be  employed  in  the  salt-works  in  i) 

east  of  France,  in  saltpetre  manufactories,  &c. 
Delidouscon-       Montgolfier's  first  trials  were  made  in  1794.  He  prepare 
qulmi^  ^^^    conserrcs  of  several  fruits,  and  among  others  of  apples  an 
grapes.    The  former,  which  was  in  large  quantity,  for  I 
j}  made  abore  three  thousand  pounds  weight,  had  so  fine 

ilaTQur,  that  the  fruit  itself  appeared  disagreeable  in  con 
parison  to  it.  He  repeated]  his  experiments  at  Paris,  i 
1797,  with  results  equally  satisfactory,  except  that  the  pre 
ducts  were  not  so  good  as  those  afforded  by  the  fruits  < 
V  Dauphiny;  indeed  there  seemed  to  be  more  difference betwe< 

theoonserres  than  between  the  fruits  of  the  two  countries. 
The  publication  of  the  hydraulic  ram  *,  and  its  improri 
ments,  turned  his  attention  from  the  present  subject,  whid 

♦^  Sec  Journal,  vol.  xiv,  p.  98. 
:  thong] 
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IhoQgh  important,  was  less  interesting,  and  be  thoaght  no 
more  on  (he  subject,  ^he  results,  howcrcr,  are  too  Ta- 
(uaMe,  particularly  at  (be  preseat  moEneut,  to  be  kept 
longer  secret. 

As  the  air  has  the  property  of  eTaporatin^   water  at  all  PrincipleaUJ™ 
temperatures,  we  have  only  to  bring  a  large  quantity  into  *"™"^ 
contact  with  the  wet  matter  we  would  dry,  or  the  liquid  we 
would  eTaporate,  to  obtain  agreatelTeet  in  a  tittle  time.  I 

If  wc  would  obtain  this  effect  in  a  small  space,  which  is  '  | 

the  object  of  almost  all  mannfacturen,  we  mnst  cause  a 
great  deal  of  air  to  pass  through  this  space  in  s  little  time  by 

I        producing  a  rapid  current.     A  Tery  simple  machine,  not 

I  expensire,  and  well  adapted  to  this  purpose,  b  known  by 
the  name  of  a  centrifugal  tentllator*. 

Thus  in  cTaporatiou,  without  artiSdal  heat,  the  caloric 

-'      necessary  fur  the  production  of  Tapour  will  bo  that  of  tha 

p  atmospheric  atr :  but  it  will  be  the  free  caloric,  and  not  that 
of  combination,  which  combustibles  alone  can  disengage. 
To  produce  the  uaion  of  the  free  caloric  of  the  atmosphera 
with  water,  simple  contact  alone  is  required;  andthiscoa. 
tact  may  be  effected  by  power.     Power,  therefore,  b  the 

I       only  expense  required,  to  obtain  this  combination  of  water 

with  caloric.     It  will  be  shown  presently,  that  this  is  much  Adnntafi!!!.- 
cheaper  than  fuel :  besides,  the  former  is  always  at  our  di)> 
posal,  while  the  latter  becomes  eiery  day  more  expeniire, 
in  consequence  of  thcconsiunption  of  wood  and  of  charcoal. 

I  Wc  have  therefore  a  real  adsantage,  general  and  particular, 
in  the  process  of  evaporating  without  artifidal  heal. 

Sometimes  the  atmospheric  air  is  so  damp,  that  it  wonid  HaW  air  mij 
iTissoUe  but  little  water,  and  its  being  set  ir  motion  would''*  ""PW«l, 
profit  but  little.     Such  cases,  however,  are  very  rare;  and 

,.  we  se«  eTcry  day,  eien  during  rain,  that  the  wind  is  drying. 
But  to  hasten  efaporation,  and  regulate  the  process,  the 
air  may  be  heated  before  it  enters  the  etaparatiog  machine ; 
it  might  be  passed  through  a  fire  of  charcoal,  if  the  subject 
under  efaporalion  would  be  injured  by  smoke;  or  of  any 

•  It  is  dtscribwl  by  Desagiiliers  in  the  Phitosophical  Transac- 
tions for  1735 ;  but  he  does  not  appfar  lo  have  assigned  the  b«t 
possible  dimeusioui  to  tlie  macluue. 

combustible 
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combnstible  in  other  cases*.  We  thould  thus  obtain  Hm 
same  ad? aatage  as  by  employing  the  atmospberic  ur  ^t  ill 
proper  temperature.  With  the  air  heated  by  the  fire  cold 
air  might  be  mixed^  so  as  to  make  the  temperature  of  th< 
mixture  50<>,  40<',  or  50®  [80^  lai*",  or  l%a?  F.]  at  most 
Beyond  this  we  are  not  certun,  that  the  juices  of  froiti 
would  not  be  altered :  at  least  Montgolfier  stopped  at  thii 
point  in  his  experiments. 
wUhtttTinf  Though  in  this  case  fuel  is  employed  to  transmit  to  th 
of  fuel.  water  the  latent  heat  of  the  air,  there  is  still  a  sariog  oj 

expense.  Here  the  caloric  e? oWed  by  combustion  is  wel 
mixed  with  the  air,  .which  carries  off  almost  the  whole  o 
it,  and  easily  parts  with  it  to  the  water,  from  the  vast  tur 
face  this  presents  in  the  apparatus  to  be  described*  Besides 
if  the  air  contained  a  little  free  caloric  before  the  combns< 
tlpn,  it  would  still  present  it  to  the  water  as  in  the  OTapo 
ration  without  artificial  heat ;  and  if  it  escape  at  a  lowei 
temperature,  than  it  had  when  it  entered,  we  may  be  son 
1.  we  haTo  employed  the  fuel  to  good  purpose.     In  tbe  ordi< 

nary  mode  of  eraporation  we  are  far  from  enjoying  theM 
,  adYantagcs :  the  caloric  is  obliged  to  tra? erse  substances  ol 

I  considerable  thickness  and  little  surface,  to  combine  witl 

the  water;  and  the  air  escapes  rapidly  from  its  contact  witl 
the  surfaces,  and  carries  with  it  a  considerable  quantity  ol 
^  heat. 

Calculations  of      We  have  here  no  new  idea,  but  the  result  of  well  known 
j  thecflfecu         truths;   the  advantages  of  which  have  been  overlooked. 

''  To  form  a  proper  judgment  of  it,  we  should  know  witl 

y  Montgolfier,  that,  in  the  common  state  of  the  air  in  an. 

tumn,  a  cubic  foot  of  air,  by  its  contact  with  water,  wil 

evaporate  from  one  to  four  grains,  or  at  a  medium  2,^  grs 

We  will  suppose  it  only  ^  grains,  the  proportion  adoptee 

by  Montgolfier  from  his  experiments  in  Dauphiny.     To  pu 

..j^  the  air  in. motion,  like  any  other  body,    requires   mon 

.  *\  power  for  a  greater  velocity ;  and  this  power  is  proportiona 

I  '■■  to  the  square  of  the  velocity.     That  is,  if  a  man  by  a  day'i 

labour,  as  is  the  fact,  can  give  a  velocity  of  7|  feet  [8  fee 
Eng.]  per  second  to  8100000  cubic  feet  [9800000  Eng.] 

r  i  *  The  air  to  be  heated  should  not  be  passed  through  the  nake^ 

•  firc^  but  through  a  tube  or  tubes  heated  by  the  fire.    C. 
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it  wonlU  require  as  much  power  to  gire  twice  the  Telocity 
to  one  fourth  Ibc  quitniity  of  air. 

This  Telocity,  or  that  of  IS  feet  ]>er  second  to  3150000 
cubic  feet  of  air,  is  well  adapted  to  the  present  case,  as  it 
docs  not  require  too  great  a  ponder,  and  the  dimeiisions  of 
tlie  apparatus  will  not  be  inconvenient.  We  will  suppose 
■  man  to  work  at  this  rate  for  aii  hour,  then  to  rest  as  long, 
and  after  m  hours  of  actual  labour  to  baoe  accomplished 
bij  day's  work.  Having  thus  passed  OTOr  the  eTipurating 
matter  3450000  cubic  feet  of  air,  ho  will  have  produced  an 
•Taporaiion  of  4800000  gm,  ur  rather  more  than  100  wine 
gallons  of  water;  and,  as  the  pay  of  a  day.labonrer  at 
I^ris  b  only  1  f-  50  cent.  [t6d.],  mch  a  quantity  might  be 
evaporated  at  this  ejipcntc.  To  eTuporate  a  similar  quan- 
tity by  fire  would  take  about  two  bmhels  of  coals,  which 
at  Paris  would  coBi  from  2!i.  6d.  to  39.  The  labour  of  ahorse 
would  be  rather  more  expunsiTo  than  that  of  a  man,  aud 
would  require  a  larger  apparatus  to  be  applied  to  the  best 
advantage:  but  where  a  larger  machine  is  desirable,  a 
greater  moving  power  is  requisite. 

Having  explained  the  principles  of  the  process,  wc  shall 
proceod  to  describe  the  apparatus ;  observing,  tliat  not 
merely  the  dimensions,  but  the  arrangement  of  several  of 
its  parts  may  be  considerably  Taried,  without  detriment  to 
the  «fl'ecl. 

PI.  X,  fig,  1,  is  a  perpendicular  section  of  the  machine;  Appnntm 
and  fig.  a  is  a  plan  of  it  in  the  line  A'  B'.  d«tT.btd. 

A  B  is  a  handle  15|  inches  long,  making  a  circuit  of  49 
inches,  which  a  man  turns  round  in  a  second. 

B  C  is  an  anis,  having  at  its  extremity  C  a  toothed  wheel, 
taking  in  a  cogwhct't  D,  which  has  twice  as  many  rog^  as 
the  wheel  has  teeth,  so  that  it  makes  but  one  turn  while 
the  wheel  makes  two. 

The  cogwheel  D  is  filed  on  an  axis  D  E,  whick  rests  by 
a  pivot  on  the  support  E,  and  is  kept  vertical  at  F  by  a 
brass  collar,  well  fitted  to  it,  bat  admitting  it  to  torn  with 
case. 

The  axis  D  E  carries  sii  or  eight  wings  4  feet  10  iitchas 
long.  The  ribs  of  these  are  of  iron,  and  they  are  covered 
with  oilcloth,  or  varntthed  cloth  :  for  they  should  be  both 
■trong  and  light. 

This 


SIS  lOOXOKICAL  niOCBM  -YOE  XTAPOXATIOir* 

•^P^^<»  ^  *^*'^  ™^^'  ^"""^  between  two  large  circular  planes,  wb 
ezteDd  a  little  beyond  the  ends  of  the  wings.  These  plai 
form  the  top  and  bottom  of  a  kind  of  drum,  the  circn 
ference  of  which  is  open,  eicept  two  hoops,  one  al  U 
the  other  at  bottom,  about  6  inches  broad ;  and  conseqne 
I7  leaving  between  them  an  opening  of  371  inches  by  7*f 
or  2016  square  inches;  for  I  suppose  the  distance  betwc 
tho>top  and  bottom  of  the  drum  to  be  19^  inches. 

The  wings  of  the  Tentilator  should  be  as  broad  as  possil 
so  that  they  can  more  without  friction* 

The  top  and  bottom  of  the  drum  are  connected  of  con 
by  pieces  of  wood  at  their  drcamference,  which  will 
mlnish  the  opening.  This  may  accordingly  be  estimated 
9400  square  inches  only:  but  this  is  of  little  Importan 
as  it  is  sufficient  if  it  be  equal  to  the  inhaling  orifice,  whi 
we  shall  estimate  at  1000  square  inches. 

The  bottom  of  the  drum  has  a  circular  hole,  G  H, 
least  36  inches  in  diameter.  The  frte  snrface  of  this  shoi 
be  1000  square  inches. 

To  this  b  fitted  a  cylindrical  tube,  I K,  of  the  same  diam 
ter,  and  descending  perpendicularly  about  40  inches* 
is  supported  so  as  not  to  rest  on  the  lower  part  of  t 
apparatus. 

L  M  is  a  lid  for  the  square  box  N  O  PQ.  It  is  perf 
rated  with  a  hole  corresponding  to  the  tube  I  R,  and  fro 
this  hole  rises  the  end  of  a  cylinder  similar  to  thataboi 
which  fits  exactly*  Paper  b  to  be  pasted  over  thia^  joii 
that  no  air  may  escape. 

The  box  N  O  i'Q  is  a  rectangular  prism,  8  feet  2  incl 
square,  by  5  feet  9  inches  high,  in  which  are  placed  twigs 
birch,  without  bark,  and  very  clean,  in  regular  beds,  crossi 
each  other  alternately,  and  tearing  more  open  space  at  b< 
torn  than  at  top.  On  this  heap  is  dispersed  the  liquid  to 
evaporated,  which  enters  by  small  holes  in  the  lid,  so  as 
be  distributed  as  equally  as  possible  amongst  the  twigs. 

Between  the  twigs  and  the  lid  a  space  shonid  be  left  fj 
in  the  middle  at  least  a  foot  high,  not  to  check  the  passs 
of  the  air.  The  twigs  also  should  not  be  too  close,  I 
placed  so  that  no  horizontal  section  should  contain  less  th 
3000  square  inches  nearly. 
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The  bottom  of  the  boit  U  a  woodca  grating,  the  bars  orAprnniuj  de- 
which  ars  rery  open  ;  and  about  three  feet  bcneaih  it  u  a""^'*'- 
Tesscl    to   receire  tha   concentrated   fluid.      There  it  will 
receJTe  (he  first  impreuion  of  the  open  air,  and  be  (till 
more  en ticeii  (rated. 

In  the  case  we  have  noticed,  when  the  air  is  not  luffl- 
cicndv  drying,  it  maj  be  heated  by  t>a»ing  it  through  a 
furnjct;,  the  chimney  of  irhich  viidena  toat  least  1000  square 
inches,  and  takes  in  fresh  air  by  auQlcieut  opeutngi  for  tfie 
purpose.  This  pipe  should  be  divided  into  four  others  of 
S 50  square  inchei  each,  communicating  with  the  openings 
at  the  bottom  of  ihe  four  sides  of  the  bo». 

After  the  description  here  given,  it  is  obvious,  that  the 
ventilator,  turned  by  the  man,  throws  the  air  from  be. 
tween  its  wlngi  to  the  circumference,  and  draws  in  fresh  air 
at  its  cctiire,  which  air  Irarcrsei  the  whole  heap  of  twigs, 
itnd  coiiseqiiunfly  the  fluid.  If  this  be  not  tulficiently  coa> 
rentratcd  in  one  dcf^cent,  it -may  be  pumped  up  again,  anil 
suffered  to  fall  as  often  as  is  necessary. 

Montgolfier  attempted  to  do  without  the  twigs,  by  fomu 
ing  small  jets  of  fluid  In  the  box,  the  height  of  which  he  in* 
creased  :  but  this  mode  is  not  economical  with  regard  to  ex- 
pense of  power.  They  might  be  dispensed  with,  however, 
by  adopting  the  following  coatrirance.  In  the  lower  *e»sel, 
(hat  receives  the  fluid,  place  a  wooden  roller,  turning  on 
iU  axis.  At  the  top  of  the  box,  which  in  this  c^e  should 
be  long  and  narrow  inslead  of  square,  place  a  simitar  roller, 
with  a  winch  3nixe,d  to  it  without.  Over  those  two  roIlcr!i 
pass  an  endless  band  of  cloth,  and  this,  on  turning  Ihe 
winch,  will  raise  the  fluid,  and  expose  it  to  Ihe  air  on  an 
ex  tens  ire  surface. 
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JVernerran  Natural  Hht»rg  Sodetif. 

At  the  meeting  of  this  society,  on  the  IGth  of  February,  v  alley  of  Pens- 
Professor  Jameson  read  a  ininerealogical  deacriplion  of  the  ^!jiv"**j, 
romantic  and  interesting  valley  of  Peatland,   oear  Edin- 


burgh. 
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borf  b.  After  describing  tbe  magnitude  «nd  direcfioa  of  i 
▼allej,  nnd  the  shape  and  hdght  of  the  nountnins  si 
rounding  it,  tiie  Pirofessor  stated  as  a  probable  eonjectni 
that  it  was  formed  by  a  lake,  which  had  emptied  itself  bj 
lateral  ralley  that  traverses  its  south  side.  He  next  en 
merated  and  described  tbe  Tarions  roclis  of  which  it  is  co: 
posed,  and  gave  a  fall  detail  of  their  geognostic  relatioi 
Four  sets  of  rocks  were  described  as  occurring  in  this  t 
ley;  transition  rocks,  as  sandstone  and  oonglomen 
rocks, — rocks  of  trap.tuff,-^wacke,— amygdaloid,  ki 
and  rocks  of  the  clay-stone  series,  as  day-stone,  porpli 
roid,  compact-feldspar,  &c. 

At  the  meeting  on  the  9th  of  March,  the  Secretnrj  it 
communications  f^om  Dr.  Thomas  Thomson,  contuning 
analysis  of  iron*ore  from  Greenland ;  from  Dr.  Edmoa 
ston,  Shetland,  on  the  larns  glaucus ;  and  from  Dr.  Bards 
on  the  stmctnre  of  the  cells  of  bees'and  wasps. 


Culture  of  Je- 
rusalem arti- 
chokes. 


Prize  for  flax- 
ipinning  ma- 
cliiae. 


6rape  tugar. 


The  Free  Sodety  of  Arts  of  the  Department  of  the  Sartf 
has  offered  prises  for  those  who  shdl  hsire  cultlTatcd  wi 
most  success  Jerusalem  artichokes,  and  mangel  wuiid,  n 
less  than  an  acre  of  each.  It  is  obserr ed  that  the  Jemsali 
artichoke  is  particularly  adrantageous  as  winter  food  i 
Merino  sheep,  which  are  exceedingly  fond  of  them.  Th 
are  best  gireii  in  the  proportion  of  two  pounds  with  one 
dry  fodder.  A  field,  that  would  produce  but  1500  ratio 
of  lucerne,  will  yield  5000  rations  of  Jerusalem  artichok 
The  stales  are  good  fuel,  or  when  green  may  be  pven 
cattle.  Cows,  hogs,  and  horses,  eat  the  root  as  well 
sheep.  The  plant  is  liable  to  no  injury  from  drought 
summer,  or  frost  in  winter ;  and  no  insect  or  disease  1 
been  found  to  check  its  vegetation. 

In  May  last  the  Emperor  Napoleon  published  a  deen 
dated  from  Bois^le.Duc,  in  which  he  offers  a  prize  of  o 
million  of  francs  [j^41666]  to  the  iuTentor  of  the  best  a 
chine  for  spinning  flax.  The  prize  b  offered  without  a 
restriction  in  regard  to  time,  or  to  the  country  of  t 
iurcntor. 

Mr.  Proust  haying  extracted  from  the  sirup  of  grape! 
concrete  sugar;  and  Mr.  Fouques  having  found  means 
whitcuiog  it,  and  giving  it  the  colour  and  consisteni 

thou 
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High  not  the  sparkling  appearance  [^U  briUanl'^  of  sugar 
from  the  cane;  a  reward  of  100000  francs,  [j£4160]  ha« 
be<^n  bestowed  on  Uio  former,  and  40000  francs,  [^  1666] 
vn  the  latler.  The  sweetness  of  this  sugmr,  howeior,  is 
much  inferior  to  that  from  the  cane,  as  in  this  respect  one 
pound  of  the  latter  ia  cqutTaleot  la  at  kut  'Jj  of  grape 
sugar. 

At  a  ntretioff  of  the  Italian  AcHdcmy,  in  January,  1810,  '""ne'e™'' 
Mr.  Ilois,  uf  Zurich,  read  an  account  of  a  metltud  of  pr^ 
renting  the  effects  of  CorjgreTe'a  rockets. 

In  17S5,  wolfram,  which  commonly  accompanies  mo*''"'"  "|'''«^'»" 
of  tin,  was  discovered  in  France,  near  St.  Leonard,  in  thcfi^ce. 
department  of  the  Upper  Vienrw,  and  some  search  was  in 
consequence  made  for  tin,  but  without  success.  Lately, 
however,  farther  search  has  been  made  by  Mr.  dc  Cressac, 
mine  engineer,  and  he  has  found  tin  in  the  stale  of  oxide, 
and  characterised  by  its  peculiar  crystallization,  Mr.  Dea- 
cotils  has  analysed  it,  and  obtained  from  it  very  pure 
tin.  The  vein  was  found  to  be  more  rich,  in  proportion  as 
it  was  traced  to  a  greater  depth,  and  it  n  expected  may  be 
worked  with  advantage. 

Mr.  Heilenstroem,  in  the  Russian  lefrice,  discorercd  ioNcwlind  ii- 
t*e  summer  of  1809  a  land  in  the  Frozen  Ocean,  to  which '°'"'*''' 
he  gave  the  name  of  New  Siberia.     The  part  ho  explored  ha 
bas  called  the  coast  of  St.  Nicholas.     Ills  observations  wilt 
be  found  interesting  to  the  Natural  Uistorian,  as  well  as  to 
the  Geographer, 

Palmaroli  has  succeeded  in  removing  the  Interment  of  FrM<rn  piintin| 
Christ,  by  Daniel  de  Vollerra,  from  the  wall  of  the  churth  "^^"^  '" 
of  the  Trinity  on  the  Mount  at  Rome,  on  which  it  was 
painted  in  fresco  ;  and  transferring  it  to  canvas,  to  be  con. 
Tcyed  (o  Paris. 

The  dried  leaves  of  the  cherry-tree  are  now  employed  by  Sul»tiiui«  lot. 
the  Norwegians  as  a  sohstilule  for  tobacco.  ^    "™' 

Mr.  Curaudau  procure*  phosphorus  by  mixing  one  hun-P"'paritioTis  of 
dred  parts  of  calcined  bones,  thirty  of  potash,  twentv  ^f  phuijiiioruBi 
sulphur,  and   fifteen  of  vegetable  charcoal,    and  distilling 
the   mixture  in   a  slone  retort   by  a  strong   heat.     The 
phosphorus  that   comes  over  commonly  contains  a  little  ^^m 

'.    tulpliurj    but  if   i«    uot  the    ivsi    tit   for   the  fabrication  ^^H 
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of  phosphoric  matchef,  wfarich  require  a  mixture  of 

sabttance. 

ImproTement        A  masiciaii  of  ATalloQ,  io  France,  professes  to 

windl^L**^    discovered  a  method  of  giving  to  all  kinds  of  wind  in 

mems.  ments  made  of  wood  that  improved  tone,  which  they  ^ 

rally  acquire  only  after  having  been  used  for  a  considei 

time,  and  which  is  afterward  liable  to  be  impaired.     Il 

parts  to  a  new  instrument  ail  the  perfection  of  one  tha 

been  ten  years  in  use,  and  renders  it  permanent. 

Sel«t^  shoes       A  Frenchman,  who  professes  to  make  screws  superi 

gcrevt*    ^       quality  to  the  best  of  English  manufacture,  recomm 

them  stropgly  for  fastening  the  soles  of  boots  and  si 

He  says  they  occasion  a  saving  of  three  fourths,  fron 

great  durability  of  the  shoes  thus  made ;  and  that  the 

not  make  a  noise  like  nails,  as  their  heads  imbed  themsi 

in  the  leather* 

Treatise  of  ma!^     A  complete  course  of  pure  Mathematics,  for  then! 

^^^'^^^^        the  pupils  of  the  Normal  and  Polytechnic  Schools,  has. 

published  at  Paris,  by  Professor  L.  B.  Francceur,  in 

volumes.     Its  method  is  much  commended. 

Meteorologital      Professor  Vassalli  Eandi  commenced,  in  1809,  a  metet 

logical  Journal,  under  the  title  of  Annals  of  the  Obse 

tory  of  the  Academy  of  Turin,  with  statistical  notes  i 

tive  to  Agriculture  and  Physic.  It  appears  to  embrace  m 

information  from  its  plan,  which  is  as  follows  :   1.  The< 

of  the  month,  the  moon's  age,  daily  declination,  ph^ 

apogee,  and  perigee ;  height  of  the  barometer,  and  of 

thermometers,  one  facing  the  south,  the  other  the  norti 

sun-rise,  noon,  and  sun-set.     2.  Observations  on  the  i 

moscope,  anemometer,  hygrometer,  hydrometer,  and  a 

dometcr,  at  the  same  hours.     3.  State  of  the  atmospher 

the  same  periods.     4*  Summary  of  the  meteorological 

servations  for  each  month,  with  the  extraordinary  phi 

mena,  if  any  occur.     5.  Comparison  of  these  observat 

with  meteorological  sayings,  both  general  and  relatin 

the  state  of  the  mopn.     6.  Natural  epochs,  namely, 

appearance  of  birds  of  passage  and  insects,  and  rural  ob 

vations  relati?e  to  the  operations  of  agriculture,  the  floi 

ing  of  plants,  the  harvesting  of  different  crops,  the  dcva 

tions  of  insects,  and  the  congress  and  births  of  dcim< 

anin 


SCtS5TiriC  NEWI.  SS3 

knimals.  7.  A  Comparison  of  these  with  agrirultural 
sayiogs,  and  iht:  physical  grounds  of  thcst:  sayings,  S. 
Marriages  am]  birlhs.  9.  I>isease8  and  deaths.  10,  iJiscases 
and  deaths  of  domestic  animals.  1 1.  Prieu  currents  of  dif> 
/t^rent  articles,  nilh  ihe  reasons  of  Tariatloni  m  Ihelr  price. 
To  these  it  is  the  editor's  intention  to  add,  1 .  Obserraliunt 
of  (he  electrometer,  magnetic  needle,  diaphnnometer,  cya- 
nometer,  photomctL-r,  and  eudiometer,  'i.  A  comparison 
of  the  meteorological  aphorisms  of  Toaldo,  Lamarck,  and 
others,  with  the  observations  made.  3.  Proceedings  of  the 
must  skilTul  and  actiie  farmers  for  every  month  in  moun. 
tainous  districts,  and  in  plains.     4.  Bee  journal.     5,  Kc-  ' 

marks  on  the  daily  bill  of  mornlily,  and  the  age  and  con- 
dition of  the  deceased,  particularly  with  regard  to  sudden 
deaths,  and  the  character  of  epidemic  or  dangeroui 
diseases.  6.  ObserTations  similar  to  those  made  at  Turin, 
carefully  registered  in  the  other  departments  of  the  37th 
military  dimiun.  7.  A  comparison  of  these  with  similar 
obserratious  in  the  departments  of  Monlblanc  and  the 
Maritime  Alps,  in  the  28th  military  diTisiun.  S.  Varioui 
other  observations,  calculated  to  enlarge  the  boundaries 
of  science.  9.  Astronomical  ubsertatioDS,  as  soon  as  the 
observatory  is  furnished  with  tlic  requisite  instruments. 

Mr.  de  Clairville  has  published  a  second  volume  of  his  Eniomologf  of 
Entomologie  IleUetiqttc,   the  first  of  which  appeared  jp  Swiwe'land. 
179a. 

The  Memoirs  of  the   Royal    Academy  of  Sciences  of  Memoirs  of 
Munich  for  1808  contain  several  pajiprs  on  bolany,  and '^*^  *''''?1/'^ 
»ome  on  comparative  anatomy.     Mr.  Pelzl  has  found  thenich. 
Bolognian  spar  in  some  marie  pits  near  Amberg.     He  has 
also  described  a  calcareous  cavbonatc,  lying  under  a  thin 
coat   of  vegetable   mould  near  Erdlng,    in  liavaria,    and 
there  called  aim,  or  alben,  which  destroys  the  fertility  of 
the  soil  for  some  years,  if  it  be  turned  up  by  too  deep 
ploughing.     According  to  him  it  is  a  calcareous  tufa  in  a 
state  of  elllori'scence,  and  should  rank  between  chalk  and 
bergmehl.     We  should  suspect,    from  the  experiments  of 
Mr.  Tcnnant  on  our  limestones,  that  ii  contains  magnesia. 
Some  observations  on   direclioti    and    inclination   of    tho 
•trata  in  the  primitive  mountains  of  Norway  and  Sweden, 
by  Mr.  J.  F.  L.  HaussmiiUB^  tend  to  coudm  the  theory  of 

Mr. 
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Mr.  Ton  Humboldt     Dr.  C.  F.  Bachols,  hating  zUemp 
to  analyse  a  sulphate  of  zinc  containing  copper  in 
node  proposed  hj  Mr.  Vaiiquelin,  has  prored  its  insv 
ciency*     He  immersed  a  slip  of  zinc  in  a  solution  of 
sulphate,  and  found,  that  the  zinc,  instead  of  precipi 
ting  metallic  copper,  <  acquired  a  blackish  coating,   whi 
when  separated,  dried  with  blotting  paper,  and  robbed  n 
an  agate  burnisher,  had  the  colour  and  brightness  of  br 
Defence  of  for-      A  treatise  on  the  Defense  of  fortified  Places,  compo 
I  laces,     j^^  order  of  the  Emperor,  for  the  Instruction  of  the  Pu] 
,  of  the  Corps  of  Engineers,  bj  Mr.  Carnot,  b  a  woHl 
considerable  importance  in  the  military  art.      In  an  i 
pendix  he  strongly  recommends  to  the  besieged,   to 
howitzers  loaded  with  grapeshot,  or  musket  balls,  at 
elevation  of  45° j  when  the  enemy  have  made  their  i 
proaches  within  a  certain  distance*     They  may  thas 
from  behind  the  ramparts,  without  being  exposed;   i 
their  shot  will  do  more  execution,  not  being  stopped 
the  enemy's  works.     This  is  now  made  a  part  of 
French  artillery  exercise. 
New  Encycio-       Jn  the  bogioning  of  last  year  was  announced  at  Pari 
^  prospectus  of  an  ^^  Instructire  Collection  of  all  the  theo 

tical  and  practical  Truths  hitherto  discorered  in  Nata 
History,  Physics,  Chemistry,  Medicine,  Surgery,  A^ 
culture,  Arts  and  Trades,  and  Domestic  Economy,  si 
jccfed  to  fresh  Kxaniinations,  verified  by  new  Observatio 
aud  confirmed  by  new  Experiments."  The  work  is  to 
illustrated  by  upward  of  a  hundred  and  fifty  thoosa 
plates,  many  of  them  coloured,  representing  accurately 
the  mineral  substances  that  can  be  delineated,  all  kno 
plants  and  animals,  all  the  machines,  inventions,  insti 
mcnts,  and  tools  hitherto  contrived,  in  France  or  otl 
countries,  with  portraits  of  persons  who  have  distinguisl 
themselves  in  the  arts  or  sciences.  It  is  to  be  the  joint  wc 
of  a  great  number  of  literary  men  and  artists  of  the  rmrit 
parts  of  Europe;  and  is  to  be  composed  in  four  separ 
languages,  French,  English,  Italian,  and  German,  by  n 
methods,  the  object  of  which  is  to  render  its  execnti 
equally  prompt  and  perfect,  and  to  enable  persons  of  i 
smallest  fortunes  to  .procure  thb  useful  coUectioii  at 
trifling  expense. 
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fvfr  colour  read  contour. 
At  Art.  XI  there  should  have  been  a  reference  to  Phil 
Trans. -for  1810,  p.  204.  < 
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